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Objectif  du projet  
Le but de ce projet est l’instrumentation, l’automatisation et la mise en service 
d’un réacteur à plasma employé pour la production de nouveaux matériaux. Dans 
un premier temps, l’effet du plasma est étudié sur des échantillons d’amidon 
placés dans le réacteur. 
Méthodes | Expériences | Résultats  
Afin de superviser l’ensemble de l’installation, une interface homme machine est 
implémentée dans LabVIEW, permettant d’avoir une vue globale de l’installation, 
d’actionner les différents éléments, de contrôler les différentes grandeurs 
physiques, de visualiser et de stocker les données. 
Les différentes séquences de démarrage et d'arrêt ainsi que les différentes 
mesures de sécurité sont également implémentées dans LabVIEW. 
Afin d’éliminer la puissance réfléchie sur le générateur de haute fréquence, on 
doit réguler l’impédance interne du réacteur à 50Ω ainsi que de contrôler le 
déphasage entre le courant et la tension mesurés sur une matchbox à l’entrée du 
réacteur.  
Pour atteindre ce but, deux cartes électroniques sont conçues. La première 
mesure les valeurs redressées et filtrées des signaux HF de courant et de tension 
ainsi que leur déphasage. Ces valeurs sont ensuite envoyées vers LabVIEW pour 
affichage et traitement. La deuxième carte est utilisée pour piloter depuis 
LabVIEW deux moteurs pas à pas. Ces moteurs sont couplés avec deux 
condensateurs variables de la matchbox. En variant la capacité des 
condensateurs, on agit sur  d’impédance du réacteur. L’algorithme nécessaire à 
la régulation de l’impédance n’a pu être implémenté, faute de temps. 
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Interface homme machine  
Permet à l’utilisateur d’avoir une vue d’ensemble de l’installation, de commander 
les différents éléments et de visualiser en temps réel les différentes grandeurs 
comme débit, pression, tension et courant. 
Davor Volic     Travail de Diplôme  09.07.2012 














































































































































































































































ܥ ൌ ߝ଴ ∙ ߝ௥ ∙ ܣ݀ 
































































































11 | P a g e  
 
Avec comme paramètre les valeurs suivantes : 
ܵ ൌ ܮ ∙ ݈ ൌ 30݉݉ ∙ 10݉݉ ൌ 0.00075	݉݉ଶ  
݀ ൌ 19݉݉ 













































 Diviseur résistif :				ܷݏ݋ݎݐ݅݁ ൌ ܷ݁݊ݐݎé݁ ∙ ଶ௞ଶ௞ାଶ଴௞ 	→ 	
௎௦௢௥௧௜௘
௎௘௡௧௥é௘ ൌ 0.09 







































݂ܿ ൌ 12 ∙ ߨ ∙ ܴ ∙ ܥ ൌ
1














ܷ݉ሺݐሻ ൌ ܷܽሺݐሻ ∙ ܷܾሺݐሻ ൌ ሺÛܽ ∙ sinሺ߱ݐ ൅ ߛ௜ሻሻ ∙ ሺÛܾ ∙ sinሺ߱ݐ ൅ ߛ௨ሻሻ 





ܶ݁݊ݏ݅݋݊	ܿ݋݊ݐ݅݊ݑ ൌ ܷ ൌ Ûܽ ∙ Ûܾ2 sinሺߛ௜ െ ߛ௨ሻ 
Ainsi nous obtenons la valeur de déphasage entre le courant et la tension : 






























   Cmin  Cmax  Cmin à Cmax  pF/tour 

















































































































































































































































































































































































































































































































Mesure Résulats attendus 
Résultats 
obtenus Ok 
 Alimentation  
Alimentation 9[V] à l'entrée de 
la plaque J1 9[V] 9[V] ok 
Alimentation 9[V] à l'entrée du 
traco Power TMR 0521 U1 (1:2) 9[V] 9[V] ok 
Tension +5 [V] à la sortie du   
TMR 0521 U1 (6:7) 5[V] 5[V] ok 
Tension -5 [V] à la sortie du   
TMR 0521 U1 (8:7)  -5[V]  -5[V] ok 
Alimentation 5[V] sur les 3 
multiplieurs AD835 
U2 (6) 5[V] 5[V] ok 
U3 (6) 5[V] 5[V] ok 
U4 (6) 5[V] 5[V] ok 
Alimentation -5[V] sur les 3 
multiplieurs AD835 
U2 (3)  -5[V]  -5[V] ok 
U3 (3)  -5[V]  -5[V] ok 
U4 (3)  -5[V]  -5[V] ok 
Diviseur résistif 








Voir figure 59 ok 
AD835 
Verifier si sinus redréssé au 
double de la fréquence à la 
sortie de l'AD835 
U2 (5) Sinus redressé avec F=27.2 Mhz  Voir figure 60 Ok 

































































Mesures Condition Point de Mesure Résulats attendus Résultats obtenus Ok 
 Alimentation  
Alimentation 7[V] à l'entrée de 
la plaque J1 7[V] 7[V] ok 
Alimentation 7[V] à l'entrée du 
traco Power TMR 2-0511 U1 (1:2) 7[V] 7[V] ok 
Tension +5 [V] à la sortie du   
TMR 2-0511 U1 (3:5) 5[V] 5[V] ok 
Alimentation 5[V] sur les 2 
VCO XR-2209 
U2 (1) 5[V] 5[V] ok 
U3 (1) 5[V] 5[V] ok 
Alimentation 5[V] sur les 2 
drivers L297 
U4 (12)  5[V]  5[V] ok 
U6 (12)  5[V]  5[V] ok 
Alimentation 5[V] sur les 2 
ponts H L298 
U5 (9)  5[V]  5[V] ok 
U7 (9)  5[V]  5[V] ok 
VCO test de linéartié des VCO U2 (7)             
Fréquence qui varie 
en fonction de la 
tension appliquée 
Voir figure 60 ok 
L297 
Vérifier que le signal de sortie 
des VCO arrive sur l'entrée du 
L297 
U6(18) et U4(16) - - ok 
L298 Vérifier on retrouve le signal pour les deux phases 
U5 (2, 3 , 13 , 14 )   
U7 (2, 3, 13, 14) - Voir figure 61 ok 
Figure 62: Protocol de test de la carte de commande des moteurs 
Davor Volic     Travail de Diplôme  09.07.2012 
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A la sortie des 
Relais: 24V qui vont 




















































































 250 MHz, Voltage Output, 
4-Quadrant Multiplier
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FEATURES 
Simple: basic function is W = XY + Z 
Complete: minimal external components required 
Very fast: Settles to 0.1% of full scale (FS) in 20 ns 
DC-coupled voltage output simplifies use 
High differential input impedance X, Y, and Z inputs 
Low multiplier noise: 50 nV/√Hz 
 
APPLICATIONS 
Very fast multiplication, division, squaring 
Wideband modulation and demodulation 
Phase detection and measurement 
Sinusoidal frequency doubling 
Video gain control and keying 
Voltage-controlled amplifiers and filters 
 
GENERAL DESCRIPTION 
The AD835 is a complete four-quadrant, voltage output analog 
multiplier, fabricated on an advanced dielectrically isolated 
complementary bipolar process. It generates the linear product 
of its X and Y voltage inputs with a −3 dB output bandwidth of 
250 MHz (a small signal rise time of 1 ns). Full-scale (−1 V to 
+1 V) rise to fall times are 2.5 ns (with a standard RL of 150 Ω), 
and the settling time to 0.1% under the same conditions is 
typically 20 ns. 
Its differential multiplication inputs (X, Y) and its summing 
input (Z) are at high impedance. The low impedance output 
voltage (W) can provide up to ±2.5 V and drive loads as low as 
25 Ω. Normal operation is from ±5 V supplies. 
Though providing state-of-the-art speed, the AD835 is simple 
to use and versatile. For example, as well as permitting the 
addition of a signal at the output, the Z input provides the 
means to operate the AD835 with voltage gains up to about ×10. 
In this capacity, the very low product noise of this multiplier 
(50 nV/√Hz) makes it much more useful than earlier products. 
The AD835 is available in an 8-lead PDIP package (N) and an 
8-lead SOIC package (R) and is specified to operate over the 
−40°C to +85°C industrial temperature range. 








X = X1 – X2
Z INPUT















1. The AD835 is the first monolithic 250 MHz, four-quadrant 
voltage output multiplier. 
2. Minimal external components are required to apply the 
AD835 to a variety of signal processing applications. 
3. High input impedances (100 kΩ||2 pF) make signal source 
loading negligible. 
4. High output current capability allows low impedance loads 
to be driven. 
5. State-of-the-art noise levels achieved through careful 
device optimization and the use of a special low noise, 
band gap voltage reference. 
6. Designed to be easy to use and cost effective in applications 
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SPECIFICATIONS 
TA = 25°C, VS = ±5 V, RL = 150 Ω, CL ≤ 5 pF, unless otherwise noted. 
Table 1.  
Parameter  Conditions  Min  Typ  Max  Unit  
TRANSFER FUNCTION  ( )( ) Z
U
YYXXW +−−= 2121   
INPUT CHARACTERISTICS (X, Y)       
Differential Voltage Range  VCM = 0 V  ±1   V  
Differential Clipping Level   ±1.21 ±1.4   V  
Low Frequency Nonlinearity  X = ±1 V, Y = 1 V   0.3  0.51  % FS  
 Y = ±1 V, X = 1 V   0.1  0.31  % FS  
vs. Temperature  TMIN to TMAX2      
 X = ±1 V, Y = 1 V    0.7  % FS  
 Y = ±1 V, X = 1 V    0.5  % FS  
Common-Mode Voltage Range  −2.5   +3  V  
Offset Voltage    ±3  ±201  mV  
vs. Temperature  TMIN to TMAX2    ±25  mV  
CMRR  f ≤ 100 kHz; ±1 V p-p  701    dB  
Bias Current    10  201  μA  
vs. Temperature  TMIN to TMAX2    27  μA  
Offset Bias Current    2   μA  
Differential Resistance    100   kΩ  
Single-Sided Capacitance    2   pF  
Feedthrough, X  X = ±1 V, Y = 0 V    −461  dB  
Feedthrough, Y  Y = ±1 V, X = 0 V    −601  dB  
DYNAMIC CHARACTERISTICS       
−3 dB Small Signal Bandwidth   150  250   MHz  
−0.1 dB Gain Flatness Frequency    15   MHz  
Slew Rate  W = −2.5 V to +2.5 V   1000   V/μs  
Differential Gain Error, X  f = 3.58 MHz   0.3   %  
Differential Phase Error, X  f = 3.58 MHz   0.2   Degrees 
Differential Gain Error, Y  f = 3.58 MHz   0.1   %  
Differential Phase Error, Y  f = 3.58 MHz   0.1   Degrees 
Harmonic Distortion  X or Y = 10 dBm, second and third harmonic      
 Fund = 10 MHz   −70   dB  
 Fund = 50 MHz   −40   dB  
Settling Time, X or Y  To 0.1%, W = 2 V p-p   20   ns  
SUMMING INPUT (Z)       
Gain  From Z to W, f ≤ 10 MHz  0.990  0.995    
−3 dB Small Signal Bandwidth    250   MHz  
Differential Input Resistance    60   kΩ  
Single-Sided Capacitance    2   pF  
Maximum Gain  X, Y to W, Z shorted to W, f = 1 kHz   50   dB  
Bias Current    50   μA  
AD835  
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Parameter  Conditions  Min  Typ  Max  Unit  
OUTPUT CHARACTERISTICS       
Voltage Swing   ±2.2  ±2.5   V  
vs. Temperature  TMIN to TMAX2  ±2.0    V  
Voltage Noise Spectral Density X = Y = 0 V, f < 10 MHz  50  nV/√Hz 
Offset Voltage    ±25  ±751  mV  
vs. Temperature3 TMIN to TMAX2    ±10  mV  
Short-Circuit Current    75   mA  
Scale Factor Error    ±5  ±81  % FS  
vs. Temperature  TMIN to TMAX2    ±9  % FS  
Linearity (Relative Error)4   ±0.5  ±1.01  % FS  
vs. Temperature  TMIN to TMAX2    ±1.25  % FS  
POWER SUPPLIES       
Supply Voltage       
For Specified Performance   ±4.5  ±5  ±5.5  V  
Quiescent Supply Current    16  251  mA  
vs. Temperature  TMIN to TMAX2    26  mA  
PSRR at Output vs. VP  +4.5 V to +5.5 V    0.51  %/V  
PSRR at Output vs. VN  −4.5 V to −5.5 V    0.5  %/V  
 
1 All minimum and maximum specifications are guaranteed. These specifications are tested on all production units at final electrical test. 
2 TMIN = −40°C, TMAX = 85°C. 
3 Normalized to zero at 25°C. 
4 Linearity is defined as residual error after compensating for input offset, output voltage offset, and scale factor errors. 
 
   AD835
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ABSOLUTE MAXIMUM RATINGS 
Table 2. 
Parameter Rating 
Supply Voltage ±6 V 
Internal Power Dissipation 300 mW 
Operating Temperature Range −40°C to +85°C 
Storage Temperature Range −65°C to +150°C 
Lead Temperature, Soldering 60 sec 300°C 
ESD Rating  
HBM 1500 V 
CDM 250 V 
Stresses above those listed under Absolute Maximum Ratings 
may cause permanent damage to the device. This is a stress 
rating only; functional operation of the device at these or any 
other conditions above those indicated in the operational 
section of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability.  
For more information, see the Analog Devices, Inc., Tutorial 
MT-092, Electrostatic Discharge.  
THERMAL RESISTANCE 
Table 3.  
Package Type θJA θJC Unit 
8-Lead PDIP (N) 90 35 °C/W 
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Figure 2. Pin Configuration 
 
Table 4. Pin Function Descriptions 
Pin No. Mnemonic Description 
1 Y1 Noninverting Y Multiplicand Input 
2 Y2 Inverting Y Multiplicand Input 
3 VN Negative Supply Voltage 
4 Z Summing Input 
5 W Product 
6 VP Positive Supply Voltage 
7 X2 Inverting X Multiplicand Input 
8 X1 Noninverting X Multiplicand Input 
 
   AD835
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Figure 3. Typical Composite Output Differential Gain and Phase,  
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Figure 4. Typical Composite Output Differential Gain and Phase,  
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Figure 8. Small Signal Pulse Response at W Output, RL = 150 Ω, CL ≤ 5 pF,  
X Channel = ±0.2 V, Y Channel = ±1.0 V 
AD835  
 











Figure 9. Large Signal Pulse Response at W Output, RL = 150 Ω, CL ≤ 5 pF,  
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Figure 12. Harmonic Distortion at 10 MHz; 10 dBm Input to X or Y Channels, 











Figure 13. Harmonic Distortion at 50 MHz, 10 dBm Input to X or Y Channel,  











Figure 14. Harmonic Distortion at 100 MHz, 10 dBm Input to X or Y Channel,  
RL = 150 Ω, CL ≤ 5 pF 
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THEORY OF OPERATION 
The AD835 is a four-quadrant, voltage output analog multiplier, 
fabricated on an advanced dielectrically isolated complementary 
bipolar process. In its basic mode, it provides the linear product 
of its X and Y voltage inputs. In this mode, the −3 dB output 
voltage bandwidth is 250 MHz (with small signal rise time of 1 ns). 
Full-scale (−1 V to +1 V) rise to fall times are 2.5 ns (with a 
standard RL of 150 Ω), and the settling time to 0.1% under the 
same conditions is typically 20 ns. 
As in earlier multipliers from Analog Devices a unique 
summing feature is provided at the Z input. As well as providing 
independent ground references for the input and the output and 
enhanced versatility, this feature allows the AD835 to operate 
with voltage gain. Its X-, Y-, and Z-input voltages are all 
nominally ±1 V FS, with an overrange of at least 20%. The 
inputs are fully differential at high impedance (100 kΩ||2 pF) 
and provide a 70 dB CMRR (f ≤ 1 MHz). 
The low impedance output is capable of driving loads as small 
as 25 Ω. The peak output can be as large as ±2.2 V minimum 
for RL = 150 Ω, or ±2.0 V minimum into RL = 50 Ω. The AD835 
has much lower noise than the AD534 or AD734, making it 
attractive in low level, signal processing applications, for 
example, as a wideband gain control element or modulator.  
BASIC THEORY 
The multiplier is based on a classic form, having a translinear core, 
supported by three (X, Y, and Z) linearized voltage-to-current 
converters, and the load driving output amplifier. The scaling 
voltage (the denominator U in the equations) is provided by a 
band gap reference of novel design, optimized for ultralow noise. 
Figure 19 shows the functional block diagram. 
In general terms, the AD835 provides the function 
( )( ) Z
U
YYXXW +−−= 2121  (1) 
where the variables W, U, X, Y, and Z are all voltages. Connected as 
a simple multiplier, with X = X1 − X2, Y = Y1 − Y2, and Z = 0 
and with a scale factor adjustment (see Figure 19) that sets U = 1 V, 
the output can be expressed as 








X = X1 – X2
Z INPUT









Figure 19. Functional Block Diagram 
Simplified representations of this sort, where all signals are 
presumed expressed in V, are used throughout this data sheet to 
avoid the needless use of less intuitive subscripted variables 
(such as, VX1). All variables as being normalized to 1 V.  
For example, the input X can either be stated as being in the −1 V 
to +1 V range or simply –1 to +1. The latter representation is found 
to facilitate the development of new functions using the AD835. 
The explicit inclusion of the denominator, U, is also less helpful, as 
in the case of the AD835, if it is not an electrical input variable. 
SCALING ADJUSTMENT 
The basic value of U in Equation 1 is nominally 1.05 V. Figure 20, 
which shows the basic multiplier connections, also shows how 
the effective value of U can be adjusted to have any lower 
voltage (usually 1 V) through the use of a resistive divider 
between W (Pin 5) and Z (Pin 4). Using the general resistor 
values shown, Equation 1can be rewritten as 
( ) '1kW Zk
U
XYW −++=  (3) 
where Z' is distinguished from the signal Z at Pin 4. It follows that 
( ) '1 ZUk
XYW +−=  (4) 
In this way, the effective value of U can be modified to 
U’ = (1 − k)U (5) 
without altering the scaling of the Z' input, which is expected because 
the only ground reference for the output is through the Z' input.  
Therefore, to set U' to 1 V, remembering that the basic value of 
U is 1.05 V, R1 must have a nominal value of 20 × R2. The values 
shown allow U to be adjusted through the nominal range of 
0.95 V to 1.05 V. That is, R2 provides a 5% gain adjustment. 
In many applications, the exact gain of the multiplier may not 
be very important; in which case, this network may be omitted 
































Figure 20. Multiplier Connections 
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APPLICATIONS INFORMATION 
The AD835 is easy to use and versatile. The capability for adding 
another signal to the output at the Z input is frequently valuable. 
Three applications of this feature are presented here: a wideband 
voltage-controlled amplifier, an amplitude modulator, and a 
frequency doubler. Of course, the AD835 may also be used as a 
square law detector (with its X inputs and Y inputs connected in 
parallel). In this mode, it is useful at input frequencies to well 
over 250 MHz because that is the bandwidth limitation of the 
output amplifier only. 
MULTIPLIER CONNECTIONS 
Figure 20 shows the basic connections for multiplication. The 
inputs are often single sided, in which case the X2 and Y2 inputs 
are normally grounded. Note that by assigning Pin 7 (X2) and 
Pin 2 (Y2), respectively, to these (inverting) inputs, an extra 
measure of isolation between inputs and output is provided. 
The X and Y inputs may be reversed to achieve some desired 
overall sign with inputs of a particular polarity, or they may be 
driven fully differentially. 
Power supply decoupling and careful board layout are always 
important in applying wideband circuits. The decoupling 
recommendations shown in Figure 20 should be followed 
closely. In Figure 21, Figure 23, and Figure 24, these power 
supply decoupling components are omitted for clarity but should 
be used wherever optimal performance with high speed inputs 
is required. However, if the full, high frequency capabilities of the 
AD835 are not being exploited, these components can be 
omitted. 
WIDEBAND VOLTAGE-CONTROLLED AMPLIFIER 
Figure 21 shows the AD835 configured to provide a gain of 
nominally 0 dB to 12 dB. (In fact, the control range extends from 
well under –12 dB to about +14 dB.) R1 and R2 set the gain to 
be nominally ×4. The attendant bandwidth reduction that comes 
with this increased gain can be partially offset by the addition of 
the peaking capacitor C1. Although this circuit shows the use of 
dual supplies, the AD835 can operate from a single 9 V supply 


































The ac response of this amplifier for gains of 0 dB (VG = 0.25 V), 
6 dB (VG = 0.5 V), and 12 dB (VG = 1 V) is shown in Figure 22. 
In this application, the resistor values have been slightly adjusted to 
reflect the nominal value of U = 1.05 V. The overall sign of the 

































Figure 22. AC Response of VCA  
AMPLITUDE MODULATOR 
Figure 23 shows a simple modulator. The carrier is applied to the 
Y input and the Z input, while the modulating signal is applied to 
the X input. For zero modulation, there is no product term so the 
carrier input is simply replicated at unity gain by the voltage 
follower action from the Z input. At X = 1 V, the RF output is 
doubled, while for X = –1 V, it is fully suppressed. That is, an 
X input of approximately ±1 V (actually ±U or about 1.05 V) 
corresponds to a modulation index of 100%. Carrier and 
modulation frequencies can be up to 300 MHz, somewhat 
beyond the nominal −3 dB bandwidth. 
Of course, a suppressed carrier modulator can be implemented 
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SQUARING AND FREQUENCY DOUBLING 
Amplitude domain squaring of an input signal, E, is achieved 
simply by connecting the X and Y inputs in parallel to produce 
an output of E2/U. The input can have either polarity, but the 
output in this case is always positive. The output polarity can be 
reversed by interchanging either the X or Y inputs. 
When the input is a sine wave E sin ωt, a signal squarer behaves 
as a frequency doubler because 






sin 22 −=  (6) 
While useful, Equation 6 shows a dc term at the output, which 
varies strongly with the amplitude of the input, E.  
Figure 24 shows a frequency doubler that overcomes this 
limitation and provides a relatively constant output over a 
moderately wide frequency range, determined by the time 
constant R1C1. The voltage applied to the X and Y inputs is 
exactly in quadrature at a frequency f = ½πC1R1, and their 
amplitudes are equal. At higher frequencies, the X input becomes 
smaller while the Y input increases in amplitude; the opposite 
happens at lower frequencies. The result is a double frequency 
output centered on ground whose amplitude of 1 V for a 1 V 
input varies by only 0.5% over a frequency range of ±10%. 
Because there is no squared dc component at the output, sudden 

























Figure 24. Broadband Zero-Bounce Frequency Doubler 




sincos  (7) 
At ωO = 1/C1R1, the X input leads the input signal by 45° (and is 
attenuated by √2, while the Y input lags the input signal by 45° 
and is also attenuated by √2. Because the X and Y inputs are 90° 
out of phase, the response of the circuit is 










1 2 )  (8) 
which has no dc component, R2 and R3 are included to restore 
the output to 1 V for an input amplitude of 1 V (the same gain 
adjustment as previously mentioned). Because the voltage across 
the capacitor (C1) decreases with frequency, while that across 
the resistor (R1) increases, the amplitude of the output varies 
only slightly with frequency. In fact, it is only 0.5% below its full 
value (at its center frequency ωO = 1/C1R1) at 90% and 110% of 
this frequency.  
 
 
   AD835
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OUTLINE DIMENSIONS 
 
COMPLIANT TO JEDEC STANDARDS MS-001
CONTROLLING DIMENSIONS ARE IN INCHES; MILLIMETER DIMENSIONS
(IN PARENTHESES) ARE ROUNDED-OFF INCH EQUIVALENTS FOR
REFERENCE ONLY AND ARE NOT APPROPRIATE FOR USE IN DESIGN.

















































Figure 25. 8-Lead Plastic Dual In-Line Package [PDIP] 
Narrow Body 
(N-8) 
Dimensions shown in inches and (millimeters) 
 
CONTROLLING DIMENSIONS ARE IN MILLIMETERS; INCH DIMENSIONS
(IN PARENTHESES) ARE ROUNDED-OFF MILLIMETER EQUIVALENTS FOR
REFERENCE ONLY AND ARE NOT APPROPRIATE FOR USE IN DESIGN.



































Figure 26. 8-Lead Standard Small Outline Package [SOIC_N]  
Narrow Body 
(R-8)  
Dimensions shown in millimeters and (inches) 
AD835  
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ORDERING GUIDE 
Model1 Temperature Range Package Description Package Option 
AD835AN −40°C to +85°C 8-Lead Plastic Dual In-Line Package [PDIP] N-8 
AD835ANZ  −40°C to +85°C 8-Lead Plastic Dual In-Line Package [PDIP] N-8 
AD835AR −40°C to +85°C 8-Lead Standard Small Outline Package [SOIC_N] R-8 
AD835AR-REEL −40°C to +85°C 8-Lead Standard Small Outline Package [SOIC_N] R-8 
AD835AR-REEL7 −40°C to +85°C 8-Lead Standard Small Outline Package [SOIC_N] R-8 
AD835ARZ −40°C to +85°C 8-Lead Standard Small Outline Package [SOIC_N] R-8 
AD835ARZ-REEL −40°C to +85°C 8-Lead Standard Small Outline Package [SOIC_N] R-8 




 Z = RoHS Compliant Part. 
   AD835
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PK243DB Bipolar 0.2 1.5 2.4 1.6 1.75 3510
-7 4 1  
PK243-01A
PK243-01B
Bipolar (Series) 0.2 0.67 5.6 8.4 10
3510-7 6
3  









Unipolar 0.16 0.4 9.6 24 15 2
PK243-03A
PK243-03B




Unipolar 0.16 0.31 12 38.5 21 2
PK244DA
PK244DB Bipolar 0.33 1.5 3.45 2.3 3.9 5410
-7 4 1  
PK244-01A
PK244-01B
Bipolar (Series) 0.33 0.85 5.6 6.6 12.8
5410-7 6
3  









Unipolar 0.26 0.8 6 7.5 6.7 2
PK244-03A
PK244-03B




Unipolar 0.26 0.4 12 30 30 2
PK245DA
PK245DB Bipolar 0.43 1.5 3.15 2.1 3.1 6810
-7 4 1  
PK245-01A
PK245-01B
Bipolar (Series) 0.43 0.85 5.6 6.6 11.2
6810-7 6
3  









Unipolar 0.32 0.8 6 7.5 7.1 2
PK245-03A
PK245-03B




Unipolar 0.32 0.4 12 30 25 2
How to read specifications table ➜ Page 78
Degree of Protection: IP30




























Enter the winding specifications in the box () within the model name.
UL Style 3265, AWG24















































The length of machining on double shaft model is 150.25.






Optimized bellows design for high
power operation  –  Identical moun-
ting for all types allows easy switching
of capacitors for slightly different
applications  –  Series with highest 
current capability relative to size –
Drive system optimized for high speed
tuning and over 3 millions cycles.
Features:
Current (rms max) 95 A
Voltage (peak test) 15 kV
Body size (dia x length) 54 x 91 mm
Overall length < 134 mm
Low torque 0.20 Nm
High tuning speed
• 100 pF / 15 kV
• 250 pF / 15 kV
• 500 pF / 8 kV
• 1000 pF / 5 kV






The information above is not to be used
for design purposes. For detailed infor-
mation refer to the individual data sheet,
available on our website www.comet.ch or
from your local representative.
Edition 2003 – 2k
Type Electrical Parameters Dimensions Drive System Mounting




D L1 L2 Fig. Tuning Head/Rod Max C-range Slope*
mm (inch) mm (inch) mm (inch) Method Shape    Dim. Torque or Cmin-Cmax pF/turn Fixed Side Variable Side
mm (inch) Pull Force Turns/Stroke pF/mm
CV03C-1500 UC/4 150 1500 4 85 54.00 (2.13) 133.50 (5.26) 90.60 (3.57) 1 Screw Drive R 6.35 (0.25) 0.20 Nm 10.9 turns 123.85 CT M6 x 8 mm MF 4 x M4 on 50.8 mm dia
CV03C-1500UCG/4 150 1500 4 85 54.00 (2.13) 134.60 (5.30) 90.60 (3.57) 1 Screw Drive RFFS 6.35 (0.25) 0.20 Nm 13.9 turns 97.12 CT M6 x 8 mm MF 4 x M4 on 50.8 mm dia
CV05C-500UC/8 50 500 8 90 54.00 (2.13) 133.50 (5.26) 90.60 (3.57) 1 Screw Drive R 6.35 (0.25) 0.20 Nm 11.0 turns 40.91 CT M6 x 8 mm MF 4 x M4 on 50.8 mm dia
CV05C-500UCD/8 50 500 8 90 54.00 (2.13) 134.10 (5.28) 90.60 (3.57) 1 Screw Drive RFFS 6.35 (0.25) 0.20 Nm 11.0 turns 40.91 CT M6 x 8 mm MF 4 x M4 on 50.8 mm dia
CV05C-1000UC/5 100 1000 5 87 54.00 (2.13) 133.50 (5.26) 90.60 (3.57) 1 Screw Drive R 6.35 (0.25) 0.20 Nm 11.1 turns 81.08 CT M6 x 8 mm MF 4 x M4 on 50.8 mm dia
CV1C-100UC/15 10 100 15 54 54.00 (2.13) 133.50 (5.26) 90.60 (3.57) 1 Screw Drive R 6.35 (0.25) 0.20 Nm 7.9 turns 9.75 CT M5 x 8 mm MF 4 x M4 on 50.8 mm dia
CV1C-250UC/15 25 250 15 94 54.00 (2.13) 133.50 (5.26) 90.60 (3.57) 1 Screw Drive R 6.35 (0.25) 0.20 Nm 10.8 turns 20.83 CT M6 x 8 mm MF 4 x M4 on 50.8 mm dia
CV1C-250UCP/15 25 250 15 94 54.00 (2.13) 133.50 (5.26) 90.60 (3.57) 2 Linear Drive T M6 170 N 20.1 mm 11.94 CT M6 x 8 mm MF 4 x M4 on 50.8 mm dia
CV1C-500UC/12 50 500 12 95 63.00 (2.48) 133.50 (5.26) 90.60 (3.57) 1 Screw Drive R 6.35 (0.25) 0.20 Nm 10.7 turns 42.06 CT M6 x 8 mm MF 4 x M4 on 50.8 mm dia
R = Round *linear CT = Central Thread MF = Mounting Flange

































 Excellent Temperature Stability (20ppm/°C)
 Linear Frequency Sweep
 Wide Sweep Range (1000:1 Minimum)
 Wide Supply Voltage Range (+4V to +13V)
 Low Supply Sensitivity (0.1% /V)
 Wide Frequency Range (0.01Hz to 1MHz)
 Simultaneous Triangle and Squarewave Outputs
APPLICATIONS
 Voltage and Current-to-Frequency Conversion
 Stable Phase-Locked Loop
 Waveform Generation
 Triangle, Sawtooth, Pulse, Squarewave
 FM and Sweep Generation
GENERAL DESCRIPTION
The XR-2209 is a monolithic voltage-controlled oscillator
(VCO) integrated circuit featuring excellent frequency
stability and a wide tuning range. The circuit provides
simultaneous triangle and squarewave outputs over a
frequency range of 0.01Hz to 1MHz. It is ideally suited for
FM, FSK, and sweep or tone generation, as well as for
phase-locked loop applications.
The oscillator of the XR-2209 has a typical drift
specification of 20ppm/°C. The oscillator frequency can






XR-2209CN 8 Lead 300 Mil CDIP 0° to +70°C
XR-2209M 8 Lead 300 Mil CDIP -55°C to +125°C













































Pin # Symbol Type Description
1 VCC Positive Power Supply.
2 C1 I Timing Capacitor Input.
3 C2 I Timing Capacitor Input.
4 TR I Timing Resistor.
5 BIAS I Bias Input for Single Supply Operation.
6 VEE Negative Power Supply.
7 SWO O Square Wave Output Signal.





Test Conditions:  Test Circuit of Figure 3 and Figure 4, VCC = 12V, TA = +25°C, C = 5000pF, R = 20k, RL =
4.7k, S1 and S2 Closed Unless Otherwise Specified
XR-2209M XR-2209C
Parameters Min. Typ. Max. Min. Typ. Max. Units Conditions
General Characteristics
Supply Voltage
  Single Supply














   Single Supply 5 7 5 8 mA
Figure 3
















Measured at Pin 1, S1, S2
Open
Measured at Pin 4, S1, S2
Open
Oscillator Section - Frequency Characteristics
Upper Frequency Limit 0.5 1.0 0.5 1.0 MHz C = 500pF, R = 2K
Lowest Practical Frequency 0.01 0.01 Hz C = 50F, R = 2M
Frequency Accuracy 1 3 1 5 % of fo
Frequency Stability
  Temperature













fH/fL R = 1.5 K  for  fH










fH = 10kHz, fL= 1kHz
fH = 100kHz, fL= 100Hz
FM Distortion 0.1 0.1 % +10% FM Deviation
Recommended Range of 
Timing Resistor
1.5 2000 1.5 2000 k See Characteristic Curves



















Measured at Pin 8
Referenced to Pin 6
From 10% to 90% of Swing
Squarewave Output
  Amplitude
  Saturation Voltage
   Rise Time















Measured at Pin 7, S2 Closed
Referenced to Pin 6
CL  10pF, RL = 4.7K
CL  10pF
Notes
Bold face parameters are covered by production test and guaranteed over operating temperature range.





Power Supply 26V. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Power Dissipation (package limitation)
Ceramic package 750mW. . . . . . . . . . . . . . . . . . . . . . . 
   Derate above +25°C 10mW/°C. . . . . . . . . . . . . . . . . . 
Plastic package 600mW. . . . . . . . . . . . . . . . . . . . . . . . . 
    Derate above +25°C 8mW/°C. . . . . . . . . . . . . . . . . . . 
SOIC package  300mW. . . . . . . . . . . . . . . . . . . . . . . . . . 
   Derate above +25°C 4mW/°C. . . . . . . . . . . . . . . . . . . 




















































The following precautions should be observed when
operating the XR-2209 family of integrated circuits:
1. Pulling excessive current from the timing terminals 
will adversely affect the temperature stability of the 
circuit. To minimize this disturbance, it is
recommended that the total current drawn from pin 4 
be limited to 6mA. In addition, permanent damage
to the device may occur if the total timing current 
exceeds 10mA.
2. Terminals 2, 3, and 4 have very low internal
impedance and should, therefore, be protected from 
accidental shorting to ground or the supply voltage.
SYSTEM DESCRIPTION
The XR-2209 functional blocks are shown in the block
diagram given in Figure 1.  They are a voltage controlled
oscillator (VCO),  and two buffer amplifiers for triangle and
squarewave outputs.  Figure 2 is a simplified XR-2209
schematic diagram that shows the circuit in greater detail.
The VCO is a modified emitter-coupled current controlled
multivibrator.  Its oscillation is inversely proportional to the
value of the timing capacitor connected to pins 2 and 3,
and directly proportional to the total timing current IT.  This
current is determined by the resistor that is connected
from the timing terminals (pin 4) to ground.
The triangle output buffer has a low impedance output
(10 typ.) while the squarewave is an open-collector
type.  An external bias input allows the XR-2209 to be





































































Supply Voltage (Pins 1 and 6)
The XR-2209 is designed to operate over a power supply
range of 4V to 13V for split supplies, or 8V to 26V for
single supplies. Figure 5 shows the permissible supply
voltage for operation with unequal split supply voltages.
Figure 6 and Figure 7 show supply current versus supply
voltage.  Performance is optimum for 6V split supply, or
12V single supply operation.  At higher supply voltages,
the frequency sweep range is reduced.
Ground (Pin 6)
For split supply operation, this pin serves as circuit
ground. For single supply operation, pin 6 should be ac
grounded through a 1F bypass capacitor. During split
supply operation, a ground current of 2 IT flows out of this
terminal, where IT is the total timing current.
Bias for Single Supply (Pin 5)
For single supply operation, pin 5 should be externally
biased to a potential between VCC/3 and VCC/2V (see
Figure 3.) The bias current at pin 5 is nominally 5% of the
total oscillation timing current, IT.
Bypass Capacitors
The recommended value for bypass capacitors is 1F
although larger values are required for very low frequency
operation.
Timing Resistor (Pin 4)
The timing resistor determines the total timing current, IT,
available to charge the timing capacitor. Values for the
timing resistor can range from 2k to 2M; however, for
optimum temperature and power supply stability,
recommended values are 4k to 200k (see Figure 8,
Figure 9, Figure 10 and Figure 11.)  To avoid parasitic





Timing Capacitor (Pins 2 and 3)
The oscillator frequency is inversely proportional to the
timing capacitor, C.  The minimum capacitance value is
limited by stray capacitances and the maximum value by
physical size and leakage current considerations.
Recommended values range from 100pF to 100F. The

























+4 +6 +8 +10 +12 +14
RT=Parallel Combination
8 10 12 14 16 18 20 22 24 26 28
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Split Supply Voltage (V)































Figure 7.   Negative Supply Current,
I- (Measured at Pin 6) 
vs. Supply Voltage
Figure 8.  Recommended Timing Resistor
Value vs. Power Supply Voltage
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Single Supply Voltage (V)
Timing
Resistance


















Figure 10.  Frequency Drift vs. Supply Voltage






























Squarewave Output (Pin 7)
The squarewave output at pin 7 is an “open-collector”
stage capable of sinking up to 20mA of load current. RL
serves as a pull-up load resistor for this output.
Recommended values for RL range from 1k to 100k.
Triangle Output (Pin 8)
The output at pin 8 is a triangle wave with a peak swing of
approximately one-half of the total supply voltage. Pin 8







Figure 12 is the recommended configuration for split
supply operation.  Diode D1 in the figure assures that the
triangle output swing at pin 8 is symmetrical about
ground.  The circuit operates with supply voltages ranging
from 4V to 13V. Minimum drift occurs with 6V
supplies. For operation with unequal supply voltages, see
Figure 5.
With the generalized circuit of Figure 12, the frequency of
operation is determined by the timing capacitor, C, and
the timing resistor.
The squarewave output is obtained at pin 7 and has a
peak-to-peak voltage swing equal to the supply voltages.
This output is an “open-collector” type and requires an
external pull-up load resistor (nominally 5k) to the
positive supply. The triangle waveform obtained at pin 8 is
































Figure 13 is a simplified configuration for operation with
split supplies in excess of +7V. This circuit eliminates the
diode D1 used in Figure 12 by grounding pin 5 directly;
however, the triangle wave output now has a +0.6V DC


























































The circuit should be interconnected as shown in
Figure 14 for single supply operation. Pin 6 should be
grounded, and pin 5 biased from VCC through a resistive
divider to a value of bias voltage between VCC/3 and
VCC/2.
The frequency of operation is determined by the timing
capacitor C and the timing resistor R, and is equal to
1/RC.  The squarewave output is obtained at pin 7 and
has a peak-to-peak voltage swing equal to the supply
voltage.  This output is an “open-collector” type and
requires an external pull-up load resistor (nominally 5k)
to V+.  The triangle waveform obtained at pin 8 is centered
about a voltage level VO where:
 
VO  VB  0.6V
where VB is the bias voltage at pin 5.  The peak-to-peak
output  swing of triangle wave is approximately equal to
VCC/2.
Frequency Control (Sweep and FM) - Split Supply
The circuit given in Figure 15 shows a frequency sweep
method for split supply operation.
The frequency of operation is controlled by varying the
total timing current, IT, drawn from the activated timing pin
4. The timing current can be modulated by applying a
control voltage, VC, to the timing pin through a series
resistor R.  As the control voltage becomes more
negative, both the total timing current, IT, and the
oscillation frequency increase.
The frequency of operation, is now proportional to the
control voltage, VC, and determined as:







If R = 2M, RC = 2k, C = 5000pF, then a 1000:1
frequency sweep would result for a negative sweep
voltage VC  VEE.
The voltage to frequency conversion gain, K, is controlled







The circuit of Figure 15 can operate  both with positive
and negative values of control voltage. However, for
positive values of VC with small (RC/R) ratio, the direction
of the timing current IT is reversed and the oscillations will
stop.
Frequency Control (Sweep and FM) - Single Supply
The circuit given in Figure 16 shows the frequency sweep
method for single supply operation.  Here, the oscillation
frequency is given as:





where VT = Vpin4 ~ Vbias + 0.7V.
This equation is valid from VC = 0V where RC is in parallel
with R and IT is maximum to:
VC  VT 1 
RC
R 
where IT = 0 and oscillation ceases.



























































































SYMBOL MIN MAX MIN MAX
INCHES
A 0.145 0.210 3.68 5.33
A1 0.015 0.070 0.38 1.78
A2 0.015 0.195 2.92 4.95
B 0.014 0.024 0.36 0.56
B1 0.030 0.070 0.76 1.78
C 0.008 0.014 0.20 0.38
D 0.348 0.430 8.84 10.92
E 0.300 0.325 7.62 8.26
E1 0.240 0.280 6.10 7.11
e 0.100 BSC 2.54 BSC
eA 0.300 BSC 7.62 BSC
eB 0.310 0.430 7.87 10.92
L 0.115 0.160 2.92 4.06












A 0.100 0.200 2.54 5.08
A1 0.015 0.060 0.38 1.52
B 0.014 0.026 0.36 0.66
B1 0.045 0.065 1.14 1.65
c 0.008 0.018 0.20 0.46
D 0.305 0.405 7.75 10.29
E1 0.250 0.310 6.35 7.87
E 0.300 BSC 7.62 BSC
e 0.100 BSC 2.54 BSC
L 0.125 0.200 3.18 5.08





 8 LEAD CERAMIC DUAL-IN-LINE
(300 MIL CDIP)
Rev. 1.00

































EXAR Corporation reserves the right to make changes to the products contained in this publication in order to im-
prove design, performance or reliability.  EXAR Corporation assumes no responsibility for the use of any circuits de-
scribed herein, conveys no license under any patent or other right, and makes no representation that the circuits are
free of patent infringement.  Charts and schedules contained herein are only for illustration purposes and may vary
depending upon a user’s specific application.  While the information in this publication has been carefully checked;
no responsibility, however, is assumed for inaccuracies.
EXAR Corporation does not recommend the use of any of its products in life support applications where the failure or
malfunction of the product can reasonably be expected to cause failure of the life support system or to significantly
affect its safety or effectiveness.  Products are not authorized for use in such applications unless EXAR Corporation
receives, in writing, assurances to its satisfaction that: (a) the risk of injury or damage has been minimized; (b) the
user assumes all such risks; (c) potential liability of EXAR Corporation is adequately protected under the circum-
stances.
Copyright 1975 EXAR Corporation
Datasheet June1997
Reproduction, in part or whole, without the prior written consent of EXAR Corporation is prohibited.
APPLICATION NOTE
AN470/0392
THE L297 STEPPER MOTOR CONTROLLER
The L297 integratesall the control circuitry required to control bipolar and unipolar stepper motors. Used
with a dual bridge driver such as the L298N forms a complete microprocessor-to-bipolar stepper motor
interface. Unipolar stepper motor can be driven with an L297 plus a quad darlington array. This note de-
scribes the operation of the circuit and shows how it is used.
The L297 Stepper Motor Controller is primarily in-
tendedfor use with anL298Nor L293Ebridge driver
in stepper motor driving applications.
It receives control signals from the system’scontrol-
ler, usually a microcomputer chip, and provides all
the necessarydrive signals for the power stage.Ad-
ditionally, it includes twoPWM choppercircuits tore-
gulate the current in the motor windings.
With a suitable power actuator the L297 drives two
phase bipolar permanent magnet motors, four pha-
seunipolarpermanentmagnet motorsandfourpha-
se variable reluctance motors. Moreover, it handles
normal, wave drive and half step drive modes. (This
is all explained in the section ”Stepper Motor Ba-
sics”).
Two versions of the device are available : the regular
L297 and a special version called L297A. The
L297A incorporates a step pulse doubler and is de-
signed specifically for floppy-disk head positioning
applications.
ADVANTAGES
The L297 + driver combination has many advanta-
ges : very few components are required (so assem-
bly costs are low, reliability high and little space
required), software development is simplified and
the burden on the micro is reduced. Further, the
choice of a two-chip approachgives a high degree
of flexibility-theL298Ncanbeusedon itsown forDC
motors and the L297 can be used with any power
stage, including discrete power devices (it provides
20mA drive for this purpose).
Figure 1 : In this typical configurationan L297 stepper motor controller and L298 dual bridge driver com-
bine to form a complete microprocessor to bipolar stepper motor interface.
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Forbipolarmotors withwinding currents up to2Athe
L297 should be used with the L298N ; for winding
currents up to 1A the L293E is recommended (the
L293will also be useful if the chopper isn’t needed).
Higher currents are obtained with power transistors
or darlingtons and for unipolar motors a darlington
array such as the ULN2075B is suggested. The
block diagram, figure 1, shows a typical system.
Applications of the L297 can be found almost eve-
rywhere ...printers(carriage position,daisyposition,
paper feed, ribbon feed), typewriters, plotters, nu-
merically controlled machines, robots, floppy disk
drives, electronic sewing machines, cash registers,
photocopiers, telex machines, electronic carbure-
tos, telecopiers, photographic equipment, paper
tape readers, optical character recognisers, electric
valves and so on.
The L297 is made with SGS’ analog/digitalcompa-
tible I2L technology(like Zodiac) and is assembled
in a 20-pin plastic DIP. A 5V supply is used and all
signal lines are TTL/CMOS compatible or open col-
lector transistors. High density is one of the key fea-
tures of the technology so the L297 die is very
compact.
THE L298N AND L293E
Since the L297 is normally used with an L298N or
L293E bridge driver a brief review of these devices
will make the rest of this note easier to follow.
The L298N and L293E contain two bridge driver
stages,each controlledby two TTL-level logic inputs
and a TTL-level enable input. Inaddition, the emitter
connectionsof the lower transistors are brought out
to external terminals to allow the connection of cur-
rent sensing resistors (figure 2).
For the L298N SGS’ innovative ion-implanted high
voltage/highcurrent technology is used, allowing it
to handleeffective powers up to 160W(46V supply,
2A per bridge). A separate 5V logic supply input is
provided to reduce dissipation and to allow direct
connection to the L297 or other control logic.
In this note the pins of the L298N are labelled with
the pin names of the corresponding L297 terminals
to avoid unnecessary confusion.
The L298N is supplied in a 15-lead Multiwatt plastic
power package. It’s smaller brother, the functionally
identicalL293E, is packaged in a Powerdip – a cop-
per frame DIP that uses the four center pins to con-
duct heat to the circuit board copper.
Figure 2 : The L298N contains two bridge drivers (four push pull stages) each controlled by two logic
inputs and an enable input. External emitter connections are provided for current sense




There are two basic types of stepper motor in com-
mon use: permanentmagnetand variable reluctan-
ce. Permanent magnet motors are divided into
bipolar and unipolar types.
BIPOLAR MOTORS
Simplified to the bare essentials, a bipolar perma-
nent magnet motorconsists of a rotating permanent
magnetsurroundedby stator poles carrying thewin-
dings (figure 3). Bidirectional drive current is used
and the motor is stepped by switching the windings
in sequence.
For amotor ofthis type thereare threepossibledrive
sequences.
The first is to energize the windings in the sequence
AB/CD/BA/DC (BA means that the winding AB is
energizedbut in theoppositesense).This sequence
is known as ”one phase on” full step or wave drive
mode.Only onephase isenergized atany givenmo-
ment (figure 4a).
The secondpossibility is to energizebothphases to-
gether, so that the rotor always aligns itself between
two pole positions. Called ”two-phase-on” full step,
this mode is the normal drive sequencefor a bipolar
motor and gives the highest torque (figure 4b).
The third option is to energize one phase, then two,
then one, etc., so that the motor moves in half step
increments. This sequence, known as half step
mode, halves the effective step angle of the motor
but gives a less regular torque (figure 4c).
For rotation in the oppositedirection (counter-clock-
wise) the same three sequences are used, except
of course that the order is reserved.
As shown in these diagrams the motor would have
a stepangleof 90°. Real motors havemultiple poles
to reduce the step angle to a few degrees but the
numberof windingsandthedrive sequencesare un-
changed. A typical bipolar stepper motor is shown
in figure 5.
UNIPOLAR MOTORS
A unipolar permanent magnet motor is identical to
the bipolar machinedescribed aboveexcept thatbi-
filar windings are used to reverse the stator flux, ra-
ther than bidirectional drive (figure 6).
This motor isdriven in exactly the same way as a bi-
polar motor except that the bridge drivers are repla-
ced by simple unipolar stages - four darlingtons or
a quaddarlington array. Clearly, unipolarmotors are
more expensivebecause thay have twice as many
windings. Moreover, unipolar motors give less
torque for a given motor size because the windings
are made with thinner wire. In the past unipolar mo-
tors were attractive to designers because they sim-
plify the driver stage. Now that monolithic push pull
drivers like the L298N are available bipolar motors
are becoming more popular.
All permanent magnet motorssuffer from the coun-
ter EMF generated by the rotor, which limits the ro-
tation speed. When very high slewing speeds are
necessarya variable reluctance motor is used.
Figure 3 : Greatly simplified, a bipolar permanent
magnet stepper motor consist of a rota-




Figure 4 : The three drive sequences for a two phase bipolar stepper motor. Clockwise rotation is shown.
Figure 4a : Wave drive (one phase on).
Figure 4b : Two phase on drive.




A variable reluctance motor has a non-magnetized
soft iron rotor with fewer poles than the stator (fig-
ure 7). Unipolar drive is used and the motor is step-
ped by energizingstator pole pairs to align the rotor
with the pole pieces of the energized winding.
Onceagain three differentphasesequencescan be
used. The wave drive sequence is A/C/B/D ; two-
phase-on is AC/CB/BD/DA and the half step se-
quence is A/AC/C/BC/B/BD/D/DA. Note that the
stepangle for the motorshown above is 15 °, not 45 °.
As before, pratical motors normally employ multiple
poles to give a much smaller step angle. This does
not, however, affect the principle of operation of the
drive sequences.
GENERATING THE PHASE SEQUENCES
The heart of the L297 block diagram, figure 8, is a
block called the translator which generatessuitable
phase sequences for half step, one-phase-on full
step and two-phase-on full step operation. This
block is controlled by two mode inputs – direction
(CW/ CCW) and HALF/ FULL – and a step clock
which advances the translator from one step to the
next.
Four outputs are provided by the translator for sub-
sequent processing by the output logic block which
implements the inhibit and chopper functions.
Internally the translator consists of a 3-bit counter
plus some combinational logic which generates a
basic eight-step gray code sequence as shown in
figure9.All three drive sequencescan be generated
easily from this master sequence. This state se-
quencecorresponds directly to half step mode, se-
lected by a high level on the HALF/ FULL input.
Figure 6 : A unipolar PM motor uses bifilar win-
dings to reverse the flux in each phase.
Figure 7 : A variable reluctance motor has a soft
iron rotor with fewer poles than the sta-
tor. The step angle is 15 ° for this motor.
Figure 5 : A real motor. Multiple poles are norma-
lly employed to reduce the step angle to
a practical value. The principle of opera-




The output waveforms for this sequenceare shown
in figure 10.
Note that two other signals, INH1 and INH2 are ge-
nerated in this sequence. The purpose of these si-
gnals is explained a little further on.
The full step modes are both obtained by skipping
alternate states in the eight-step sequence. What
happensis that the step clock bypassesthe first sta-
ge of the 3-bit counter in the translator. The least si-
gnificant bit ot this counter is not affected therefore
the sequencegenerateddependson thestate of the
translator when full step mode is selected (the
HALF/ FULL input brought low).
If full step mode is selected when the translator is at
any odd-numbered state we get the two-phase-on
full step sequence shown in figure 11.
By contrast, one-phase-on full step mode is obtai-
ned by selecting full step mode when the translator
is at an even-numberedstate (figure 12).
Figure 8 : The L297 contains translator (phase sequence generator), a dual PWM chopper and output
control logic.
Figure 9 : The eight step master sequence of the translator. This corresponds to half step mode.
Clockwise rotation is indicated.
APPLICATION NOTE
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Figure 10 : The output waveforms corresponding to the half step sequence.The chopper action in not
shown.




Figure 12 : State Sequence and Output Waveforms for Wave Drive (one phase on).
INH1 AND INH2
In half step and one-phase-on full step modes two
other signalsare generated: INH1 and INH2. These
are inhibit signals which are coupled to the L298N’s
enable inputs and serve to speed the current decay
when a winding is switched off.
Since both windings are energized continuously in
two-phase-onfull stepmode no winding is ever swit-
ched off and these signals are not generated.
To see what these signals do let’s look at one half
of the L298N connected to the first phase of a two-
phasebipolar motor (figure 13). Remember that the
L298N’s A and B inputs determine which transistor
in each push pull pair will be on. INH1, on the other
hand, turns off all four transistors.
Assume that A is high, B low and current flowing
through Q1, Q4 and the motor winding. If A is now
brought low the current would recirculate through
D2, Q4 and Rs, giving a slow decay and increased
dissipationin Rs. If, ona other hand, A isbrought low
and INH1 is activated, all four transistors are turned
off. The current recirculates in this case fromground
to Vs via D2 and D3, giving a faster decay thus al-
lowing faster operationof the motor. Also, since the
recirculation current doesnot flow throughRs, aless
expensive resistor can be used.
Exactly the same thing happens with the second
winding, the other half of the L298 and the signals
C, D and INH2.
The INH1 and INH2 signals are generated by OR
functions :
A + B = INH1 C + D = INH2
However, the output logic is more complex because
inhibit lines are also usedby the chopper, as we will
see further on.
OTHER SIGNALS
Two other signals are connected to the translator
block : the RESET input and the HOME output
RESET is an asynchronousreset input which resto-
res the translatorblock to the home position (state
1, ABCD = 0101). The HOME output (open collec-
tor) signals this condition and is intended to the AN-
Ded with the output of a mechanical home position
sensor.
Finally, there is an ENABLE input connected to the
output logic. A low level on this input brings INH1,
INH2, A, B, C and D low. This input is useful to di-
sable the motor driver when the system is initialized.
LOAD CURRENT REGULATION
Some form of load current control is essential to ob-
tain good speed and torque characteristics. There
are several ways in which this can be done – swit-
ching the supply between two voltages, pulse rate




Figure 13 : When a winding is switched off the inhibit input is activated to speed current decay. If this
were not done the current would recirculate through D2 and Q4 in this example. Dissipation
in Rs is also reduced.
The L297 provides load current control in the form
of two PWM choppers, one for each phase of a bi-
polarmotoror one for eachpairof windings for auni-
polar motor. (In a unipolar motor the A and B
windings are never energized together so thay can
share a chopper ; the same applies to C and D).
Each chopper consists of a comparator, a flip flop
and an external sensing resistor. Acommon on chip
oscillator supplies pulsesat the chopperrate to both
choppers.
Ineach chopper(figure 14) the flip flop is set by each
pulse from the oscillator, enabling the output and al-
lowing the load current to increase. As it increases
the voltage across the sensing resistor increases,
and when this voltage reaches Vref the flip flop is re-
set, disabling the output until the next oscillator pul-
se arrives. The output of this circuit (the flip flop’s Q
output) is therefore a constant rate PWM signal.
Note that Vref determines the peak load current.
Figure 14 : Each chopper circuit consists of a
comparator, flip flop and external sense




PHASE CHOPPING AND INHIBIT
CHOPPING
The chopper can act on either the phase lines
(ABCD) or on the inhibit lines INH1 and INH2. An in-
put named CONTROL decides which. Inhibit chop-
ping is used for unipolar motors but you can choose
betweenphasechoppingandinhibit choppingforbi-
polar motors. The reasons for this choice are best
explained with another example.
First let’s examine the situation when the phase li-
nes are chopped.
As before,we are driving a two phase bipolar motor
and A is high, B low (figure 15). Current therefore
flows through Q1, winding, Q4 and Rs. When the
voltage across Rs reaches Vref the chopper brings
B high to switch off the winding.
The energy stored in the winding is dissipated by
current recirculating throughQ1 andD3. Current de-
cay throughthis path is ratherslow becausethevolt-
age on the winding is low (VCEsat Q1 + VD3) (figure
16).
Why is B pulled high, why push A low ? The reason
is to avoid the current decaying through Rs. Since
the current recirculates in the upper half of the brid-
ge, current only flows in the sensing resistor when
the winding is driven. Less power is thereforedissi-
pated in RS and we can get away with a cheaper re-
sistor.
This explain why phase chopping is not suitable for
unipolar motors : when the A winding is driven the
chopperacts onthe Bwinding. Clearly, this is nouse
at all for a variable reluctance motor and would be
slow and inefficient for a bifilar wound permanent
magnet motor.
The alternative is to tie the CONTROL input to
groundso that the chopper acts on INH1 and INH2.
Looking at the same example, A is high and B low.
Q1 and Q4 are therefore conducting and current
flows through Q1, the winding, Q4 and RS, (fig-
ure 17).
Figure 15 : Phase Chopping. In this example the current X is interrupted by activating B, giving the recir-




Figure 16 : Phase Chopping Waveforms. The example shows AB winding energized with A positive with
respect to B. Control is high.
Figure 17 : Inhibit Chopping. The drive current (Q1, winding, Q4) in this case is interrupted by activating
INH1. The decay path through D2 and D3 is faster than the path Y of Figure 15.
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In this case when the voltage accross RS reaches
VREF thechopperflip flopis reset andINH1activated
(brought low). INH1, remember, turns off all four
transistors therefore the current recirculates from
ground, through D2, the winding and D3 to VS. Di-
schargedacross thesupply,which canbeup to46V,
the current decays very rapidly (figure 18).
The usefulnessof this second fasterdecay option is
fairly obvious ; it allows fast operation with bipolar
motors and it is the only choice for unipolar motors.
But why do we offer the slower alternative, phase
chopping ?
The answer is that we might be obliged to use a low
chopper rate with a motor that does not store much
energy in the windings. If the decay is very fast the
average motor current may be too low to give an
useful torque. Low chopper rates may, for example,
be imposed if there is a larger motor in the same sy-
stem. To avoid switching noise on the ground plane
all drivers should be synchronized and the chopper
rate is therefore determined by the largest motor in
the system.
Multiple L297s are synchronized easily using the
SYNC pin. This pin is the squarewave output of the
on-chip oscillator and the clock input for the chop-
pers. The first L297 is fitted with the oscillator com-
ponentsand outputs a sqarewavesignal on this pin
(figure19). SubsequentL297sdo notneedthe oscil-
lator components and use SYNC as a clock input.
An external clock may also be injected at this termi-
nal if an L297 must besynchronized to othersystem
components.
THE L297A
The L297Ais a special version of the L297 develo-
ped originally for head positioning in floppy disk dri-
ves. It can, however, be used in other applications.
Compared to the standard L297 the difference are
the addition of a pulse doubleron the step clock in-
put and the availability of the output of the direction
flip flop (block diagram, figure 20). Toadd these fun-
ctions while keeping the low-cost 20-pin package
the CONTROL and SYNC pins are not available on
this version (they are note needed anyway). The
chopperacts on the ABCD phase lines.
The pulse doublergeneratesa ghostpulse internal-
ly for each input clock pulse. Consequentlythe tran-
slator moves two steps for each input pulse. An
external RC network sets the delay time between
the input pulse and ghost pulse and should be cho-
sen so that the ghost pulses fall roughly halfway
between input pulses, allowing time for the motor to
step.
This feature is used to improve positioning accura-
cy. Since the angularpositionerror of a steppermo-
tor is noncumulative(it cancelsout to zeroevery four
stepsin a four step sequencemotor) accuracy is im-
proved by stepping two of four steps at a time.
Figure 18 : Inhibit Chopper Waveforms. Winding
AB is energized and CONTROL is low.
Figure 19 : The Chopper oscillator of multiple
L297s are synchronizedby connecting
the SYNC Inputs together.
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Figure 20 : The L297A, includes a clock pulse doubler and provides an output from the direction flip flop
(DIR – MEM).
APPLICATION HINTS
Bipolar motors can be driven with an L297, an
L298Nor L293Ebridge driver and very few external
components (figure 21). Together these two chips
form a complete microprocessor-to-stepper motor
interface. With an L298N this configuration drives
motors with winding currents up to 2A ; for motors
up to 1A per winding and L293E is used. If the PWM
choppers are not required an L293 could also be
used (it doesn’t have the external emitter connec-
tions for sensing resistors) but the L297 is underu-
tilized. If very high powers are required the bridge
driver is replaced by anequivalent circuit made with
discrete transistors. For currents to 3.5A two
L298N’s with paralleled outputsmay be used.
For unipolar motors the best choice is a quad dar-
lington array. The L702B can be used if the chop-
pers are not requiredbut anULN2075Bis preferred.
This quad darlington has external emitter connec-
tions which are connected to sensing resistors (fig-
ure 22). Since the chopper acts on the inhibit lines,
four AND gates must be added in this application.
Also shown in the schematic are the protection dio-
des.
In all applications where the choppers are not used
it is important to remember that the sense inputs
must be grounded and VREF connectedeither to VS
or any potential between VS and ground.
The chopper oscillator frequency is determined by
the RC network on pin 16. The frequency is roughly
1/0.7 RC and R must be more than 10 KΩ. When
the L297A’spulse doubler is used, the delay time is
determinedby the network Rd Cd and is approxima-
tely 0.75 Rd Cd .Rd should be in the range 3 kΩ to
100 kΩ (figure 23).
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Figure 21 : This typical application shows an L297 and L298N driving a Bipolar Stepper Motor with pha-
se currents up to 2A.
RS1 RS2 = 0.5 Ω
D1 to D8 = 2 Fast Diodes VF ≤ 1.2 @ I = 2 A
trr ≤ 200 ns
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Figure 22 : For Unipolar Motors a Quad Darlington Array is coupled to the L297. Inhibit chopping is used
so the four AND gates must be added.
Figure 23 : The Clock pulse doubler inserts a ghost pulse τo seconds after the Input clock pulse. Rd Cd
is closen to give a delay of approximately half the Input clock period.
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PIN FUNCTIONS - L297
N° NAME FUNCTION
1 SYNC Output of the on-chip chopper oscillator.
The SYNC connections The SYNC connections of all L297s to be synchronized are
connected together and the oscillator components are omitted on all but one. If an
external clock source is used it is injected at this terminal.
2 GND Ground connection.
3 HOME Open collector output that indicates when the L297 is in its initial state (ABCD = 0101).
The transistor is open when this signal is active.
4 A Motor phase A drive signal for power stage.
5 INH1 Active low inhibit control for driver stage of A and B phases.
When a bipolar bridge is used this signal can be used to ensure fast decay of load
current when a winding is de-energized. Also used by chopper to regulate load current if
CONTROL input is low.
6 B Motor phase B drive signal for power stage.
7 C Motor phase C drive signal for power stage.
8 INH2 Active low inhibit control for drive stages of C and D phases.
Same functions as INH1.
9 D Motor phase D drive signal for power stage.
10 ENABLE Chip enable input. When low (inactive) INH1, INH2, A, B, C and D are brought low.
11 CONTROL Control input that defines action of chopper.
When low chopper acts on INH1 and INH2; when high chopper acts on phase lines
ABCD.
12 Vs 5V supply input.
13 SENS2 Input for load current sense voltage from power stages of phases C and D.
14 SENS1 Input for load current sense voltage from power stages of phases A and B.
15 Vref Reference voltage for chopper circuit. A voltage applied to this pin determines the peak
load current.
16 OSC An RC network (R to VCC, C to ground) connected to this terminal determines the
chopper rate. This terminal is connected to ground on all but one device in synchronized
multi - L297 configurations. f ≅ 1/0.69 RC
17 CW/CCW Clockwise/counterclockwise direction control input.
Physical direction of motor rotation also depends on connection of windings.
Synchronized internally therefore direction can be changed at any time.
18 CLOCK Step clock. An active low pulse on this input advances the motor one increment. The
step occurs on the rising edge of this signal.
19 HALF/FULL Half/full step select input. When high selects half step operation, when low selects full
step operation. One-phase-on full step mode is obtained by selecting FULL when the
L297’s translator is at an even-numbered state.
Two-phase-on full step mode is set by selecting FULL when the translator is at an odd
numbered position. (The home position is designate state 1).
20 RESET Reset input. An active low pulse on this input restores the translator to the home position
(state 1, ABCD = 0101).
PIN FUNCTIONS - L297A (Pin function of the L297A are identical to those of the,L297 except for pins 1 and 11)
1 DOUBLER An RC network connected to this pin determines the delay between an input clock pulse
and the corresponding ghost pulse.
11 DIR-MEM Direction Memory. Inverted output of the direction flip flop. Open collector output.
APPLICATION NOTE
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Figure 24 : Pin connections.
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ORDERING NUMBERS : L298N (Multiwatt Vert.)
       L298HN (Multiwatt Horiz.)
                                      L298P (PowerSO20)
BLOCK DIAGRAM
.OPERATING SUPPLY VOLTAGE UP TO 46 V
.TOTAL DC CURRENT UP TO 4 A 
. LOW SATURATION VOLTAGE
.OVERTEMPERATURE PROTECTION
.LOGICAL "0" INPUT VOLTAGE UP TO 1.5 V
(HIGH NOISE IMMUNITY)
DESCRIPTION
The L298 is an integrated monolithic circuit in a 15-
lead Multiwatt and PowerSO20 packages. It is a
high voltage, high current dual full-bridge driver de-
signed to accept standard TTL logic levels and drive
inductive loads such as relays, solenoids, DC and
stepping motors. Two enable inputs are provided to
enable or disable the device independently of the in-
put signals. The emitters of the lower transistors of
each bridge are connected together and the corre-
sponding external terminal can be used for the con-
nection of an external sensing resistor. An additional













































Symbol Parameter Value Unit
VS Power Supply 50 V
VSS Logic Supply Voltage 7 V
VI,Ven Input and Enable Voltage –0.3 to 7 V
IO Peak Output Current (each Channel)
– Non Repetitive (t = 100µs)








Vsens Sensing Voltage –1 to 2.3 V
Ptot Total Power Dissipation (Tcase = 75°C) 25 W
Top Junction Operating Temperature –25 to 130 °C
Tstg, Tj Storage and Junction Temperature –40 to 150 °C
THERMAL DATA
Symbol Parameter PowerSO20 Multiwatt15 Unit
Rth j-case Thermal Resistance Junction-case                                Max. – 3 °C/W
Rth j-amb Thermal Resistance Junction-ambient                           Max. 13 (*) 35 °C/W





































PIN FUNCTIONS (refer to the block diagram)
MW.15 PowerSO Name Function
1;15 2;19 Sense A; Sense B Between this pin and ground is connected the sense resistor to
control the current of the load.
2;3 4;5 Out 1; Out 2 Outputs of the Bridge A; the current that flows through the load
connected between these two pins is monitored at pin 1.
4 6 VS Supply Voltage for the Power Output Stages.
A non-inductive 100nF capacitor must be connected between this
pin and ground.
5;7 7;9 Input 1; Input 2 TTL Compatible Inputs of the Bridge A.
6;11 8;14 Enable A; Enable B TTL Compatible Enable Input: the L state disables the bridge A
(enable A) and/or the bridge B (enable B).
8 1,10,11,20 GND Ground.
9 12 VSS Supply Voltage for the Logic Blocks. A100nF capacitor must be
connected between this pin and ground.
10; 12 13;15 Input 3; Input 4 TTL Compatible Inputs of the Bridge B.
13; 14 16;17 Out 3; Out 4 Outputs of the Bridge B. The current that flows through the load
connected between these two pins is monitored at pin 15.
– 3;18 N.C. Not Connected
ELECTRICAL CHARACTERISTICS (VS = 42V; VSS = 5V, Tj = 25°C; unless otherwise specified)
Symbol Parameter Test Conditions Min. Typ. Max. Unit
VS Supply Voltage (pin 4) Operative Condition VIH +2.5 46 V
VSS Logic Supply Voltage (pin 9) 4.5 5 7 V
IS Quiescent Supply Current (pin 4) Ven = H;   IL = 0                  Vi = L







Ven = L                                Vi = X 4 mA
ISS Quiescent Current from VSS (pin 9) Ven = H;   IL = 0                  Vi = L







Ven = L                                Vi = X 6 mA
ViL Input Low Voltage
(pins 5, 7, 10, 12)
–0.3 1.5 V
ViH Input High Voltage
(pins 5, 7, 10, 12)
2.3 VSS V
IiL Low Voltage Input Current
(pins 5, 7, 10, 12)
Vi = L –10 µA
IiH High Voltage Input Current
(pins 5, 7, 10, 12)
Vi = H ≤ VSS –0.6V 30 100 µA
Ven = L Enable Low Voltage (pins 6, 11) –0.3 1.5 V
Ven = H Enable High Voltage (pins 6, 11) 2.3 VSS V
Ien = L Low Voltage Enable Current
(pins 6, 11)
Ven = L –10 µA
Ien = H High Voltage Enable Current
(pins 6, 11)
Ven = H ≤ VSS –0.6V 30 100 µA








VCEsat (L) Sink Saturation Voltage IL = 1A    (5)







VCEsat Total Drop IL = 1A    (5)





Vsens Sensing Voltage (pins 1, 15) –1   (1) 2 V
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Figure 1 : Typical Saturation Voltage vs. Output 
                 Current.
Figure 2 : Switching Times Test Circuits.
Note : For INPUT Switching, set EN = H
For ENABLE Switching, set IN = H
1) 1)Sensing voltage can be –1 V for t ≤ 50 µsec; in steady state Vsens min ≥ – 0.5 V.
2) See fig. 2.
3) See fig. 4.
4) The load must be a pure resistor.
ELECTRICAL CHARACTERISTICS (continued)
Symbol Parameter Test Conditions Min. Typ. Max. Unit
T1 (Vi) Source Current Turn-off Delay 0.5 Vi to 0.9 IL      (2); (4) 1.5 µs
T2 (Vi) Source Current Fall Time 0.9 IL  to 0.1 IL      (2); (4) 0.2 µs
T3 (Vi) Source Current Turn-on Delay 0.5 Vi to 0.1 IL      (2); (4) 2 µs
T4 (Vi) Source Current Rise Time 0.1 IL  to 0.9 IL      (2); (4) 0.7 µs
T5 (Vi) Sink Current Turn-off Delay 0.5 Vi to 0.9 IL      (3); (4) 0.7 µs
T6 (Vi) Sink Current Fall Time 0.9 IL  to 0.1 IL      (3); (4) 0.25 µs
T7 (Vi) Sink Current Turn-on Delay 0.5 Vi to 0.9 IL      (3); (4) 1.6 µs
T8 (Vi) Sink Current Rise Time 0.1 IL  to 0.9 IL      (3); (4) 0.2 µs
fc (Vi) Commutation Frequency IL = 2A 25 40 KHz
T1 (Ven) Source Current Turn-off Delay 0.5 Ven to 0.9 IL      (2); (4) 3 µs
T2 (Ven) Source Current Fall Time 0.9 IL  to 0.1 IL      (2); (4) 1 µs
T3 (Ven) Source Current Turn-on Delay 0.5 Ven to 0.1 IL      (2); (4) 0.3 µs
T4 (Ven) Source Current Rise Time 0.1 IL  to 0.9 IL      (2); (4) 0.4 µs
T5 (Ven) Sink Current Turn-off Delay 0.5 Ven to 0.9 IL      (3); (4) 2.2 µs
T6 (Ven) Sink Current Fall Time 0.9 IL  to 0.1 IL      (3); (4) 0.35 µs
T7 (Ven) Sink Current Turn-on Delay 0.5 Ven to 0.9 IL      (3); (4) 0.25 µs
T8 (Ven) Sink Current Rise Time 0.1 IL  to 0.9 IL      (3); (4) 0.1 µs
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Figure 3 : Source Current Delay Times vs. Input or Enable Switching.
Figure 4 : Switching Times Test Circuits.
Note : For INPUT Switching, set EN = H
For ENABLE Switching, set IN = L
L298
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Figure 5 : Sink Current Delay Times vs. Input 0 V Enable Switching.
Figure 6 : Bidirectional DC Motor Control.
L = Low                         H = High                X = Don’t care
Inputs Function
Ven = H C = H ; D = L Forward
C = L ; D = H Reverse
C = D Fast Motor Stop




Figure 7 : For higher currents, outputs can be paralleled. Take care to parallel channel 1 with channel 4 
                 and channel 2 with channel 3.
APPLICATION INFORMATION (Refer to the block diagram)
1.1. POWER OUTPUT STAGE
The L298 integrates two power output stages (A ; B).
The power output stage is a bridge configuration
and its outputs can drive an inductive load in com-
mon or differenzial mode, depending on the state of
the inputs. The current that flows through the load
comes out from the bridge at the sense output : an
external resistor (RSA ; RSB.) allows to detect the in-
tensity of this current.
1.2. INPUT STAGE
Each bridge is driven by means of four gates the in-
put of which are In1 ; In2 ; EnA and In3 ; In4 ; EnB.
The In inputs set the bridge state when The En input
is high ; a low state of the En input inhibits the bridge.
All the inputs are TTL compatible.
2. SUGGESTIONS
A non inductive capacitor, usually of 100 nF, must
be foreseen between both Vs and Vss, to ground,
as near as possible to GND pin. When the large ca-
pacitor of the power supply is too far from the IC, a
second smaller one must be foreseen near the
L298.
The sense resistor, not of a wire wound type, must
be grounded near the negative pole of Vs that must
be near the GND pin of the I.C.
Each input must be connected to the source of the
driving signals by means of a very short path.
Turn-On and Turn-Off : Before to Turn-ON the Sup-
ply Voltage and before to Turn it OFF, the Enable in-
put must be driven to the Low state.
3. APPLICATIONS
Fig 6 shows a bidirectional DC motor control Sche-
matic Diagram for which only one bridge is needed.
The external bridge of diodes D1 to D4 is made by
four fast recovery elements (trr ≤ 200 nsec) that
must be chosen of a VF as low as possible at the
worst case of the load current.
The sense output voltage can be used to control the
current amplitude by chopping the inputs, or to pro-
vide overcurrent protection by switching low the en-
able input.
The brake function (Fast motor stop) requires that
the Absolute Maximum Rating of 2 Amps must
never be overcome.
When the repetitive peak current needed from the
load is higher than  2 Amps, a paralleled configura-
tion can be chosen (See Fig.7).
An external bridge of diodes are required when in-
ductive loads are driven and when the inputs of the
IC are chopped ; Shottky diodes would be preferred.
L298
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This solution can drive until 3 Amps In DC operation
and until 3.5 Amps of a repetitive peak current.
On Fig 8 it is shown the driving of a two phase bipolar
stepper motor ; the needed signals to drive the in-
puts of the L298 are generated, in this example,
from the IC L297.
Fig 9 shows an example of P.C.B. designed for the
application of Fig 8.
Fig 10 shows a second two phase bipolar stepper
motor control circuit where the current is controlled
by the I.C. L6506.
Figure 8 : Two Phase Bipolar Stepper Motor Circuit.
This circuit drives bipolar stepper motors with winding currents up to 2 A. The diodes are fast 2 A types.
RS1 = RS2 = 0.5 Ω
D1 to D8 = 2 A Fast diodes { VF ≤ 1.2 V @ I = 2 Atrr ≤ 200 ns
L298
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Figure 9 : Suggested Printed Circuit Board Layout for the Circuit of fig. 8 (1:1 scale).
Figure 10 : Two Phase Bipolar Stepper Motor Control Circuit by Using the Current Controller L6506.










E 0.49 0.55 0.019 0.022
F 0.66 0.75 0.026 0.030
G 1.02 1.27 1.52 0.040 0.050 0.060
G1 17.53 17.78 18.03 0.690 0.700 0.710
H1 19.6 0.772
H2 20.2 0.795
L 21.9 22.2 22.5 0.862 0.874 0.886
L1 21.7 22.1 22.5 0.854 0.870 0.886
L2 17.65 18.1 0.695 0.713
L3 17.25 17.5 17.75 0.679 0.689 0.699
L4 10.3 10.7 10.9 0.406 0.421 0.429
L7 2.65 2.9 0.104 0.114
M 4.25 4.55 4.85 0.167 0.179 0.191
M1 4.63 5.08 5.53 0.182 0.200 0.218
S 1.9 2.6 0.075 0.102
S1 1.9 2.6 0.075 0.102










E 0.49 0.55 0.019 0.022
F 0.66 0.75 0.026 0.030
G 1.14 1.27 1.4 0.045 0.050 0.055






L3 17.25 17.5 17.75 0.679 0.689 0.699
L4 10.3 10.7 10.9 0.406 0.421 0.429
L5 5.28 0.208
L6 2.38 0.094
L7 2.65 2.9 0.104 0.114
S 1.9 2.6 0.075 0.102
S1 1.9 2.6 0.075 0.102










































MIN. TYP. MAX. MIN. TYP. MAX.
A 3.6 0.142
a1 0.1 0.3 0.004 0.012
a2 3.3 0.130
a3 0 0.1 0.000 0.004
b 0.4 0.53 0.016 0.021
c 0.23 0.32 0.009 0.013
D (1) 15.8 16 0.622 0.630
D1 9.4 9.8 0.370 0.386
E 13.9 14.5 0.547 0.570
e 1.27 0.050
e3 11.43 0.450
E1 (1) 10.9 11.1 0.429 0.437
E2 2.9 0.114
E3 5.8 6.2 0.228 0.244
G 0 0.1 0.000 0.004
H 15.5 15.9 0.610 0.626
h 1.1 0.043
L 0.8 1.1 0.031 0.043
N 10  ˚(max.)
S
T 10 0.394
(1) "D and F" do not include mold flash or protrusions.
- Mold flash or protrusions shall not exceed 0.15 mm (0.006").
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NI Full-Featured E Series devices are the fastest and the most accurate
multiplexed data acquisition devices available. They are ideal for
applications ranging from continuous high-speed data logging to
control applications to high voltage signal or sensor measurements
when used with NI signal conditioning. Synchronize the operations
of multiple devices using the RTSI bus or PXI trigger bus and easily
integrate other hardware such as motion control and machine vision
to create an entire measurement and control system.
Visit ni.com/oem for information on our 
quantity discounts for OEM customers.
Highly Accurate Hardware Design
NI Full-Featured E Series DAQ devices includethe following features
and technologies:
Temperature Drift Protection Circuitry – Designed with components
that minimize the effect of temperature changes on measurements to
less than 0.0006% of reading per °C.
Resolution-Improvement Technologies – Carefully designed noise 
floor maximizes resolution.
Onboard Self-Calibration – Precise voltage reference included 
for calibration and measurement accuracy. Self-calibration is
completely software controlled, with no potentiometers to adjust.
NI DAQ-STC – Timing and control ASIC designed to provide more
flexibility, lower power consumption, and a higher immunity to noise
and jitter than off-the-shelf counter/timer chips.
• 16 or 64 analog inputs at up to 
1.25 MS/s, 12 or 16-bit resolution
• 2 analog outputs at up to 1 MS/s,
12 or 16-bit resolution
• 8 digital I/O lines (TTL/CMOS);
two 24-bit counter/timers
• Analog and digital triggering
• 14 or 15 analog input signal ranges












• NI 6020E (only digital triggering)
Operating Systems
• Windows 2000/NT/XP
• Real-time performance with
LabVIEW (page 134)
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Analog Input Max Input Analog Output Output Output
Family Bus Inputs Resolution Sampling Rate Range Outputs Resolution Rate Range Digital I/O Counter/Timers Triggers
NI 6071E PCI, PXI 64 SE/32 DI 12 bits 1.25 MS/s ±0.05 to ±10 V 2 12 bits 1 MS/s ±10 V 8 2, 24-bit Analog, digital
NI 6070E PCI, PXI, FireWire 16 SE/8 DI 12 bits 1.25 MS/s ±0.05 to ±10 V 2 12 bits 1 MS/s ±10 V 8 2, 24-bit Analog, digital
NI 6062E PCMCIA 16 SE/8 DI 12 bits 500 kS/s ±0.05 to ±10 V 2 12 bits 850 kS/s ±10 V 8 2, 24-bit Analog, digital
NI 6052E PCI, PXI, FireWire 16 SE/8 DI 16 bits 333 kS/s ±0.05 to ±10 V 2 16 bits 333 kS/s ±10 V 8 2, 24-bit Analog, digital
NI 6040E PCI, PXI 16 SE/8 DI 12 bits 500 kS/s ±0.05 to ±10 V 2 12 bits 1 MS/s ±10 V 8 2, 24-bit Analog, digital
NI 6033E PCI 64 SE/32 DI 16 bits 100 kS/s ±0.1 to ±10 V 0 - - - 8 2, 24-bit Analog, digital
NI 6032E PCI 16 SE/8 DI 16 bits 100 kS/s ±0.1 to ±10 V 0 - - - 8 2, 24-bit Analog, digital
NI 6031E PCI, PXI 64 SE/32 DI 16 bits 100 kS/s ±0.1 to ±10 V 2 16 bits 100 kS/s ±10 V 8 2, 24-bit Analog, digital
NI 6030E PCI, PXI 16 SE/8 DI 16 bits 100 kS/s ±0.1 to ±10 V 2 16 bits 100 kS/s ±10 V 8 2, 24-bit Analog, digital
NI 6020E NI USB 16 SE/8 DI 12 bits 100 kS/s ±0.05 to ±10 V 2 12 bits 20 S/s ±10 V 8 2, 24-bit Digital
Table 1. NI Full-Featured E Series Model Guide (See page 228 for detailed specifications.)










































Full-Featured E Series Multifunction DAQ
12 or 16-Bit, up to 1.25 MS/s, up to 64 Analog Inputs
NI MITE – ASIC designed to optimize data transfer for multiple
simultaneous operations using bus mastering with three scatter-
gather DMA channels for maximum performance of concurrent 
I/O operations.
NI PGIA – Measurement and instrument class amplifier that
guarantees settling times at all gains. Typical commercial off-the-
shelf amplifier components do not meet the settling time
requirements for high-gain measurement applications.
PFI Lines – Eight programmable function input (PFI) lines that 
can be used for software-controlled routing of interboard and
intraboard digital and timing signals.
RTSI or PXI Trigger Bus – Used to share timing and control signals
between devices and synchronize operations.
RSE Mode – In addition to differential and nonreferenced single-
ended modes, NI full-featured E Series devices offer referenced
single-ended (RSE) mode for use with floating signal sources in
applications with channel counts higher than eight.
Onboard Temperature Sensor – Included for monitoring the
operating temperature of the device to ensure that it is operating
within the specified range.
Analog and Digital Triggering – Only full-featured E Series devices
provide the ability to set a trigger based on the level of an analog
signal, in addition to the ability to trigger off an edge of a 
digital signal.
More Input Ranges – Up to 15 input ranges for optimal resolution,
even for signals smaller than 50 mV.
High-Performance, Easy-to-Use Driver Software
NI-DAQ is the robust driver software that makes it easy to access the
functionality of your data acquisition hardware, whether you are a
beginning or advanced user. Helpful features include:
Automatic Code Generation – DAQ Assistant is an interactive guide
that steps you through configuring, testing, and programming
measurement tasks, and generating the necessary code automatically
for use in LabVIEW, LabWindows/CVI, or Measurement Studio.
Cleaner Code Development – Basic and advanced software functions
have been combined into one easy-to-use yet powerful set to help
you build cleaner code and move from basic to advanced
applications without replacing functions.
High-Performance Driver Engine – Software-timed single-point
input (typically used in control loops) with NI-DAQ achieves 
rates of up to 50 kHz. NI-DAQ also delivers maximum I/O 
system throughput with a multithreaded driver.
Test Panels – With NI-DAQ, you can test all of your device
functionality before you begin development.
Scaled Channels – Easily scale your voltage data into the proper
engineering units using the NI-DAQ Measurement Ready virtual
channels by choosing from a list of common sensors and signals or
creating your own custom scale.
LabVIEW Integration – All NI-DAQ functions use the waveform data
type, which carries acquired data and timing information directly
into more than 400 LabVIEW built-in analysis routines for display of
results in engineering units on a graph.
Worldwide Support and Services
NI provides you with a wealth of resources to help you get your
application up and running more quickly, including:
Technical Support – Purchase of NI hardware or software gives you
access to application engineers all over the world as well as Web
resources with more than 3,000 measurement examples and more
than 9,000 KnowledgeBase entries. – ni.com/support
NI Factory Installation Services (FIS) – Software and hardware
installed in PXI and PXI/SCXI systems, tested and ready to 
use – ni.com/advisor
Calibration – Includes NIST-traceable basic calibration certificates,
services for ANSI/NCSL-Z540 and periodic calibration –
ni.com/calibration
Extended Warranty – Meet project life-cycle requirements 
and maintain optimal performance in a cost-effective way –
ni.com/services
Data Acquisition Training – Instructor-led courses – ni.com/training
Professional Services – Feasibility, consulting, and integration
through our Alliance Partners – ni.com/alliance
For more information on NI services and support, 
please visit ni.com/services
For information on device support in 
NI-DAQ 7, visit ni.com/dataacquisition
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Signal conditioning is required for sensor measurements or voltage
inputs greater than 10 V. National Instruments SCXI is a versatile,
high-performance signal conditioning platform, intended for high-
channel-count applications. NI SCC products provide portable,
flexible signal conditioning options on a per-channel basis. Both
signal conditioning platforms are designed to increase the
performance and reliability of your DAQ System, and are up to 10X
more accurate than terminal blocks (please visit ni.com/sigcon for





NI DAQPad-6070E for FireWire ..........................(See page 207)
NI DAQCard-6062E ..............................................(See page 207)
NI PXI-6052E ................................................................777962-01
NI PCI-6052E ................................................................777745-01









NI DAQPad-6020E for USB ..................................(See page 207)
Includes NI-DAQ driver software and calibration certificate.






System Description DAQ Device Signal Conditioning Page
High performance PCI-60xxE, PXI-60xxE, DAQPad-60xxE SCXI 270
Low-cost, portable PCI-60xxE, PXI-60xxE, DAQPad-60xxE SCC 251
Signals (<10 V)1
System Description DAQ Device Terminal Block Cable Page
Shielded PCI-60xxE/DAQPad-60xxE SCB-68 SH6868-EP 214
Shielded PXI-60xxE TB-2705 SH6868-EP 214
Shielded PCI-6071E/PCI-6033E/PCI-6031E SCB-100 SH100100 214
Shielded PXI-6071E/PXI-6031E Two TBX-68s SH1006868 214
Shielded DAQPad-60xxE SCB-68 SHC6868-EP 214
Low-Cost PCI-60xxE/PXI-60xxE/DAQPad-60xxE CB-68LP R6868 214
Low-Cost DAQCard-60xxE CB-68LP RC6868 214
1Terminal Blocks do not provide signal conditioning (ie. filtering, amplification, isolation, etc.), which may be necessary to
increase the accuracy of your measurements.
Full-Featured E Series Low-Cost E Series Basic
Models NI 6030E, NI 6031E, NI 6052E NI 6070E, NI 6071E NI 6040E NI 6034E, NI 6036E NI 6023E, NI 6024E, PCI-6013, PCI-6014
NI 6032E, NI 6033E NI 6025E
Measurement Sensitivity* (mV) 0.0023 0.0025 0.009 0.008 0.0036 0.008 0.004
Nominal Range (V)
Positive FS Negative FS Absolute Accuracy (mV)
10 -10 1.147 4.747 14.369 15.373 7.56 16.504 8.984
5 -5 2.077 0.876 5.193 5.697 1.79 5.263 2.003
2.5 -2.5 – 1.190 3.605 3.859 – – –
2 -2 0.836 – – – – – –
1 -1 0.422 0.479 1.452 1.556 – – –
0.5 -0.5 0.215 0.243 0.735 0.789 0.399 0.846 0.471
0.25 -0.25 – 0.137 0.379 0.405 – – –
0.2 -0.2 0.102 – – – – – –
0.1 -0.1 0.061 0.064 0.163 0.176 – – –
0.05 -0.05 – 0.035 0.091 0.100 0.0611 0.106 0.069
10 0 0.976 1.232 6.765 7.269 – – –
5 0 1.992 2.119 5.391 5.645 – – –
2 0 0.802 0.850 2.167 2.271 – – –
1 0 0.405 0.428 1.092 1.146 – – –
0.5 0 0.207 0.242 0.558 0.583 – – –
0.2 0 0.098 0.111 0.235 0.247 – – –
0.1 0 0.059 0.059 0.127 0.135 – – –
Note: Accuracies are valid for measurements following an internal calibration. Measurement accuracies are listed for operational temperatures within ±1 °C of internal calibration temperature and ±10 °C of external or factory-calibration temperature. One-year
calibration interval recommended. The Absolute Accuracy at Full Scale calculations were performed for a maximum range input voltage (for example, 10 V for the ±10 V range) after one year, assuming 100 pt averaging of data.*Smallest detectable voltage change in
the input signal at the smallest input range.
Table 4. Recommended Accessories
Full-Featured E Series Low-Cost E Series Basic
Models NI 6030E, NI 6031E, NI 6052E NI 6070E, NI 6071E NI 6040E PCI-6036E PCI-6024E, NI 6025E, NI 6013, NI 6014
NI 6032E, NI 6033E
Nominal Range (V)
Positive FS Negative FS Absolute Accuracy (mV)
10 -10 1.43 1.405 8.127 8.127 2.417 8.127 3.835
10 0 1.201 1.176 5.685 5.685 – – –
Table 3. E Series Analog Output Absolute Accuracy Specifications
Table 2. E Series Analog Input Absolute Accuracy Specifications



































16-Bit E Series Multifunction 
DAQ Specifications
These specifications are typical for 25 °C unless otherwise noted.
Analog Input
Accuracy specifications ................................... See page 228.
Input Characteristics




(signal + common mode) .......................... Each input should remain within ±11 V of ground
Overvoltage protection
Powered on................................................ ±25 V 
Powered off ............................................... ±15 V
FIFO buffer size ................................................ 512 samples, (1024 samples for DAQCard)
Data transfers
PCI, PXI ...................................................... DMA, interrupts, programmed I/O
DAQCard .................................................... Interrupts, programmed I/O
DMA modes
PCI, PXI ...................................................... Scatter-gather (single transfer, demand transfer)





DAQCard 6036E ......................................... 15 bits, guaranteed
Others ........................................................ 16 bits, guaranteed
Amplifier Characteristics
Input impedance
Input bias and offset current
Specifications – NI 6052E and NI 603xE
Number of Channels
6052E 16 single-ended or 8 differential




6031E 64 single-ended or 32 differential
6033E (software-selectable per channel)
Device Range Software Selectable Bipolar Input Range Unipolar Input Range
6052E 20 V ±10 V –
10 V ±5 V 0 to 10 V
5 V ±2.5 V 0 to 5 V
2 V ±1 V 0 to 2 V
1 V ±500 mV 0 to 1 V
500 mV ±250 mV 0 to 500 mV
200 mV ±100 mV 0 to 200 mV
100 mV ±50 mV 0 to 100 mV
6030E 20 V ±10 V –
6031E 10 V ±5 V 0 to 10 V
6032E 5 V – 0 to 5 V
6033E 4 V ±2 V –
2 V ±1 V 0 to 2 V
1 V ±500 mV 0 to 1 V
500 mV – 0 to 500 mV
400 mV ±200 mV –
200 mV ±100 mV 0 to 200 mV
100 mV – 0 to 100 mV
6034E 20 V ±10 V –
6036E 10 V ±5 V –
1 V ±500 mV –















6031E AI<0..63>, AI SENSE,
6033E AI SENSE2
Device Typical Maximum
6052E ±1.5 LSB ±3 LSB
6034E
PCI-6036E




DAQCard-6036E ±3.0 LSB ±6 LSB
Device Typical Maximum
6052E ±0.5 LSB ±1 LSB
603xE
(except DAQCard-6036E)
DAQCard-6036E ±1.0 LSB +4, -2 LSB
Device Bias Current Offset Current
6052E ±200 pA ±100 pA
6034E
PCI-6036E




DAQCard-6036E ±800 pA ±100 pA
Device Normal Powered On Powered Off Overload
6052E 100 GΩ in parallel 820 Ω 820 Ω
603xE with 100 pF
16-Bit E Series Multifunction 
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CMRR, DC to 60 Hz
Dynamic Characteristics
Bandwidth
System noise (LSBrms, including quantization)




Type of DAC...................................................... Double buffered, multiplying
Data transfers
PCI, PXI ...................................................... DMA, interrupts, programmed I/O
DAQCard .................................................... Interrupts, programmed I/O
DMA modes
PCI, PXI ...................................................... Scatter-gather (single transfer, 
demand transfer)
Transfer Characteristics
DNL................................................................... ±1.0 LSB maximum
Voltage Output
Output coupling ................................................ DC
Output impedance ............................................ 0.1 Ω maximum
Current drive..................................................... ±5 mA maximum
Protection ......................................................... Short-circuit to ground
Specifications – NI 6052E and NI 603xE (continued)
CMRR
Device Range Bipolar (dB) Unipolar (dB)
6052E 20 V 92 –
10 V 97 97
5 V 101 101
2 V 104 104
100 mV to 1 V 105 105
6030E 20 V 92 –
6031E 10 V 97 92
6032E 5 V – 97
6033E 4 V 101 –
2 V 104 101
1 V 105 104
100 mV to 500 mV 105 105
6034E 20 V 85 –
6036E 10 V 85 –
1 V 96 –
100 mV 96 –
Device Range Small Signal (-3 dB)
6052E All ranges 480 kHz
6030E, 6031E, All ranges 255 kHz
6032E, 6033E
6034E, 6036E All ranges 413 kHz
Device Range Bipolar Unipolar
6052E 2 to 20 V 0.95 0.95
1 V 1.1 1.1
500 mV 1.3 1.3
200 mV 2.7 2.7
100 mV 5.0 5.0
6030E 2 to 20 V 0.6 0.8
6031E 1 V 0.7 0.8
6032E 400 to 500 mV 1.1 1.1
6033E 200 mV 2.0 2.0
100 mV – 3.8
6034E 10 to 20 V 0.8 –
PCI-6036E 1 V 1.0 –
100 mV 6.2 –
DAQCard-6036E 10 to 20 V 1.5 –
Accuracy
±0.00076% ±0.0015% ±0.0031% ±0.0061% ±0.024%
Device Range (±0.5 LSB) (±1 LSB) (±2 LSB) (±4 LSB) (±16 LSB)
6052E 2 to 20 V – 10 µs max 5 µs max 4 µs max 3 µs max
1 V – 15 µs max 5 µs max 4 µs max 3 µs max
200 to 500 mV – 15 µs max 10 µs max 4 µs max 3 µs max
100 mV – 15 µs typical 10 µs typical 4 µs max 3 µs max
6030E All 40 µs max 20 µs max – 10 µs max –
6032E
6031E All 50 µs max 25 µs max – 10 µs max –
6033E
6034E 1 to 20 V – – 5 µs max – –
6036E 100 mV – – – 5 µs typical –
DAQCard-6036E 10 V – – 5 µs max – –
Device Adjacent Channels All Other Channels
6052E -75 dB -90 dB
603xE
Number of Channels




6032E, 6033E, 6034E None
Resolution






PCI-6036E 10 kS/s, system dependent
6030E 100 kS/s
6031E
DAQCard-6036 1 kS/s, system dependent
FIFO Buffer Size
6052E, 6030E, 6031E 2,048 samples
6036E None
Relative Accuracy
6052E ±0.35 LSB typical, ±1 LSB maximum
6030E ±0.5 LSB typical, ±1 LSB maximum
6031E
6036E ±2 LSB maximum
Monotonicity





6052E ±10 V, 0 to 10 V, ±EXTREF, 0 to EXTREF; software selectable




6052E 0 V (±20 mV)
6030E
6031E
PCI-6036E 0 V (±44 mV)
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16-Bit E Series Multifunction 
DAQ Specifications
External reference input (6052E only)
Range......................................................... ±11 V
Overvoltage protection .............................. ±25 V powered on, ±15 V powered off
Input impedance ........................................ 10 kΩ
Bandwidth (-3 dB) ...................................... 3 kHz
Slew rate ................................................... 0.3 V/µs
Dynamic Characteristics
Settling time and slew rate
Glitch energy (at mid-scale transition)
Digital I/O
Number of channels......................................... 8 input/output
Compatibility .................................................... 5 V/TTL/CMOS
Power-on state ................................................. Input (high impedance)





Up/down counter/timers ........................... 2
Frequency Scaler ....................................... 1
Resolution
Up/down counter/timers ........................... 24 bits
Frequency Scaler ....................................... 4 bits
Compatibility .................................................... 5 VTTL/CMOS
Digital logic levels
Base clocks available
Up/down counter/timers ........................... 20 MHz and 100 kHz
Frequency Scaler ....................................... 10 MHz and 100 kHz
Base clock accuracy ......................................... ±0.01%
Maximum external source frequency
Up/down counter/timers ........................... 20 MHz
External source selections ............................... PFI <0..9>, RTSI <0..6>, analog trigger; software selectable
External gate selections................................... PFI <0..9>, RTSI <0..6>, analog trigger; software selectable
Minimum source pulse duration ...................... 10 ns, edge-detect mode
Minimum gate pulse duration.......................... 10 ns, edge-detect mode
Data transfers
PCI/PXI Up/down counter/timer................ DMA (scatter-gather), interrupts, programmed I/O
DAQCard Up/down counter/timer............. Interrupts, programmed I/O




Analog input .............................................. Start and stop trigger, gate, clock
Analog output ............................................ Start trigger, gate, clock
General-purpose counter/timers ............... Source, gate
Level
Internal source, AI<0..15/63>.................... ±full-scale 
External source, PFI 0/AI START TRIG ...... ±10 V 
Slope................................................................. Positive or negative; software-selectable
Resolution......................................................... 12 bits, 1 in 4,096
Hysteresis......................................................... Programmable
Bandwidth (-3 dB)
Accuracy .......................................................... ±1% of full-scale range maximum
Digital Triggers (all devices)
Purpose
Analog input .............................................. Start and stop trigger, gate, clock
Analog output ............................................ Start trigger, gate, clock
General-purpose counter/timers ............... Source, gate
Source............................................................... PFI <0..9>, RTSI <0..6>
Compatibility .................................................... 5 VTTL
Response .......................................................... Rising or falling edge
Pulse width....................................................... 10 ns minimum
Specifications – NI 6052E and NI 603xE (continued)
Noise
6052E 60 µVrms, DC to 1 MHz
6030E
6031E
PCI-6036E 110 µVrms, DC to 400 kHz
DAQCard-6036E 160 µVrms, DC to 400 kHz
Device Settling Time For Full-Scale Step Slew Rate
6052E 3.5 µs to ±1 LSB accuracy 15 V/µs
6030E 10 µs to ±1 LSB accuracy 5 V/µs
6031E
PCI-6036E 5 µs to ±1 LSB accuracy 15 V/µs
DAQCard-6036E 5 µs to ±4.5 LSB accuracy 5 V/µs
Device Magnitude Duration
6052E ±10 mV 1 µs
PCI-6036E ±10 mV 1 µs
Level Minimum Maximum
Input low voltage 0.0 V 0.8 V
Input high voltage 2.0 V 5.0 V
Output low voltage (Iout = 5 mA) – 0.4 V










6052E AI<0..15>, PFI 0/AI START TRIG
6030E
6032E
6031E AI<0..63>, PFI 0/AI START TRIG
6033E
Internal Source External Source
Device AI<O..15/63> PFI O/AI START TRIG
6052E 700 kHz 700 kHz
PCI-6030E, PCI-6031E, 6032E, 6033E 255 kHz 4 MHz
PXI-6030E, PXI-6031E 255 kHz 255 kHz
16-Bit E Series Multifunction 
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External Input for Digital or Analog Trigger  (PFI 0/AI START TRIG)
(6052E, 6033E, 6032E, 6031E, 6030E only)
Impedance ........................................................ 10 kΩ
Coupling............................................................ DC
Protection
Digital trigger ............................................ -0.5 to Vcc + 0.5 V 
Analog trigger
On/off/disabled................................... ±35 V 
Calibration
Recommended warm-up time.......................... 15 minutes; 30 minutes for DAQCard






PXI Trigger Bus (PXI only)
Trigger lines...................................................... 6
Star trigger ....................................................... 1
Bus Interface
PCI, PXI ............................................................. Master, slave
DAQCard........................................................... Slave
DAQPad ............................................................ Master, slave, asynchronous, 400 Mb/s
Power Requirements1
DAQPad-6052E ................................................. 20W @ 9-24 VDC
Physical1
Dimensions (not including connectors)1
PCI..................................................................... 17.5 by 10.6 cm (6.9 by 4.2 in.)
PXI..................................................................... 16.0 by 10.0 cm (6.3 by 3.9 in.)
DAQCard........................................................... Type II PC Card
DAQPad ............................................................ 30.7 by 25.4 by 4.3 cm (12.1 by 10 by 1.7 in.)
Environment
Operating temperature
6052E, 6036E, 6034E........................................ 0 to 55 °C
6030E, 6031E, 6032E, 6033E............................ 0 to 50 °C
Storage temperature ........................................ -20 to 70 °C
Relative humidity ............................................. 10 to 90%, noncondensing
Certifications and Compliances
CE Mark Compliance
1See page 134 for RT Series device power requirements and physical parameters.
Specifications – NI 6052E and NI 603xE (continued)
DC Level
6052E, 6030E. 5.000 V (±1.0 mV) Over full operating temperature,
6031E, 6032E, actual value stored in EEPROM
6033E
6034E, 6036E 5.000 V (±3.5 mV)
Temperature Coefficient
6052E, 6030E, ±0.6 ppm/°C max
6031E, 6032E, 
6033E
6034E, 6036E ±5.0 ppm/°C max
Long-Term Stability
6052E, 6030E ±6.0 ppm/   1000 h
6031E, 6032E,
6033E
6034E, 6036E ±15.0 ppm/   1000 h
I/O Connectors





6031E 100-pin female 0.050 D-type
6033E
DAQCard-6036E 68-position VHDCI female
DAQPad-6052E 68-pin male SCSI-II type, or
15 BNCs and 30 removeable 
screw terminals
Device +5 VDC (±5%) Power Available at I/O Connector
PCI-6052E, PXI-6052E 1.3 A +4.65 to +5.25 VDC, 1 A
6030E, 6031E, 1.5 A +4.65 to +5.25 VDC, 1 A
6032E, 6033E
6034E 0.9 A +4.65 to +5.25 VDC, 1 A
PCI-6036E
DAQCard-6036E 300 mA +4.65 to +5.25 VDC, 0.75 A









































NI Cable Design Advantages
The SH68-68-EP cable is the most commonly used E Series and 
S Series cable. The cable is designed to work specifically with the 
NI Multifunction DAQ devices to preserve signal integrity through
these technologies:
A variety of cabling and accessory options are available for your
needs. Use the following tables to choose the most appropriate cables
and accessories. To determine which Multifunction DAQ device best
fits your needs, please see page 189.















Figure 1. SH68-68-EP Cable
Table 1. Cable Connection Specifications for 16-Channel E Series Devices and Basic Multifunction DAQ (except NI 6025E, which is on the next page)
Platform Shielding Connect to ... Cable Adapter Accessory
PCI/PXI/USB/FireWire
Shielded SCC portable signal SH68-68-EP – SC-2345 and modules, page 251
conditioning per channel
Shielded SCXI high-performance SCXI-1349 – SCXI Chassis and Modules, page 270
signal conditioning
Shielded Screw terminals 1 SH68-68-EP or SH68-68R1-EP – SCB-68
Shielded BNC terminal block SH68-68-EP – BNC-2110, BNC-2120, BNC-2090
Shielded 50-pin connector SH6850 – CB50, custom or 3rd party
Shielded Configurable connectivity box SH68-68-EP – CA-1000, page 351
Unshielded Screw terminals 1 R6868 – TBX-68, CB-68LP, CB-68LPR, 
DAQ signal accessory
Unshielded 50-pin connector R6850 – CB50, custom or 3rd party
PXI only
Shielded Front-mounted screw terminals N/A – TB-2705
PCMCIA
Shielded Screw terminals1 SHC68-68-EP or SHC68U-68-EP 2 – SCB-68, CA-1000
Shielded 50-pin connector SHC68-68-EP or SHC68U-68-EP 2 68M-50F MIO CB50, custom or 3rd party
Unshielded Screw terminals 1 RC68-68 TBX-68, CB-68LP, CB-68LPR, 
DAQ signal accessory
Unshielded 50-pin connector RC68-68 68M-50F MIO CB50, custom or 3rd party
1Unshielded cables can connect to shielded accessories and vice-versa.  2In adjacent PCMCIA slots, both cables types are required because the same cable would cause mechanical hindrance.
Figure 2. NI offers a wide variety
of cable and accessory options,
such as the SH68-68-EP cable 
and the BNC-2110 terminal block.
Multifunction DAQ Cable and 
Accessory Selection Guides







Signal ConditioningE Series Devices (NI 6031E, NI 6033E, NI 6071E, NI 6025E)
Figure 3. I/O Connector for 16-Channel 
E Series and Basic Multifunction DAQ









































































































































1No connects for boards that do not support AO
or use an external reference with the SH1006868 cable.
F OUT
CTR 0 OUT

































PFI 8/CTR 0 SRC
PFI 7/AI SAMP
CTR 1 OUT
PFI 4/AI CTR 1 GATE







































































































PFI 3/CTR 1 SRC





PFI 8/CTR 0 SRC





































































































































































































































































































PFI 3/CTR 1 SRC





PFI 8/CTR 0 SRC





















































Figure 2. S Series Devices Connector
Figure 4. I/O Connector for 
64-Channel E Series Devices
Figure 5. I/O Connector for
the NI 6025E Device
Table 2. Cable Connection Specifications for 64-Channel E Series Devices and the NI 6025E
Platform Shielding Connect to ... Cable Cable Leg Adapter Accessory
PCI, PXI
Shielded Screw terminals SH100100 – – SCB-100
Shielded Screw terminals SH1006868 MIO: – SCB-68
Shielded SH1006868 Extended: – SCB-68
Shielded Screw terminals1 SH1006868 MIO: – TBX-68, CB-68LP, CB-68LPR,
DAQ signal accessory
Shielded Screw terminals1 SH1006868 Extended: – TBX-68, CB-68LP, CB-68LPR
Shielded BNC terminal block SH1006868 MIO: – BNC-2110, BNC-2120, BNC-2090
Shielded SH1006868 Extended: – BNC-2115
Shielded 50-pin connectors SH1006868 MIO: 68M-50F MIO Custom or 3rd party
Shielded SH1006868 Extended: 68M-50F Extended Custom or 3rd party
Unshielded 50-pin connector R1005050 MIO: – Custom or 3rd party
Unshielded R1005050 Extended: – Custom or 3rd party
1Shielded cable with unshielded accessories
Canal Dénomination Déscription Signal
USB‐NI Digital
DO.0 Gmain Connecté sur le relais Nr.1  pour allimentation 0/24V 0 ou 1
DO.1 GV1 Connecté sur le relais Nr.2  pour allimentation 0/24V 0 ou 1
DO.2 GV2 Connecté sur le relais Nr.3  pour allimentation 0/24V 0 ou 1
DO.3 GV3 Connecté sur le relais Nr.4  pour allimentation 0/24V 0 ou 1
DO.4 GV4 Connecté sur le relais Nr.5 pour allimentation 0/24V 0 ou 1
DO.5 Pompe extérieure Connecté sur le relais Nr.6  pour allimentation 0/24V 0 ou 1
DO.6 Vanne intérieure Connecté sur le relais Nr.7  pour allimentation 0/24V 0 ou 1
DI/DO.7 Pompe intérieure Connecté sur le relais Nr.8  pour allimentation 0/24V 0 ou 1
DI/DO.8 Vanne extérieure Connecté sur le relais Nr.9  pour allimentation 0/24V 0 ou 1
DI/DO.9 Lancer Installation Connecté sur le relais Nr.10  pour allimentation 0/24V 0 ou 1
Analog IN
AI.0 Pext Pression de la chambre extérieure  0‐10V
AI.1 Pint Pression de la chambre intérieure 0‐10V
AI.2 MFC 1 Mesure du Débit 0‐5V
AI.3 MFC 2 Mesure du Débit 0‐5V
Analog OUT
AO.0 MFC 1 Consigne de Débit 0‐5V
AO.1 MFC 2 Consigne de Débit 0‐5V
NI‐PCI 1 Analog IN
AI.0 MFC 3 Mesure du Débit 0‐5V
AI.1 MFC 4 Mesure du Débit 0‐5V
Analog OUT
AO.0 MFC 3 Consigne de Débit 0‐5V
AO.1 MFC 4 Consigne de Débit 0‐5V
NI‐PCI 2 DIgital
D0.0 Sens Choix du sens moteur 1 0 ou 1
D0.1 Enable Enable Moteur 1 0 ou 1
D0.2 Enable Enable VCO 1 0 ou 1
D0.3 Sens Choix sens Moteur 2 0 ou 1
D0.4 Enable Enable Moteur 2 0 ou 1
D0.5   Enable VCO 2 0 ou 1
Analog OUT
AO.0 VCO 1 Tension pour varier fréquence VCO 0‐5V
AO.1 VCO 2 Tension pour varier fréquence VCO 0‐5V
 
 
 
